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Sny(/wdu<^iw/n to SceeftM 
According to an old definition "Lectin" are multivalent 
carbohydrate-binding proteins or glycoproteins expect for enzymes 
and antibodies. Such a narrow definition, however is no longer 
relevant, because a significant no. of exceptions are evident now. 
For today, a more flexible interpolation would be accepted e.g. 
lectins are simply defined as proteins which specifically bind (or 
cross-link) carbohydrates. As exception, rise, the oldest lectin, is 
actually the enzyme RNA-N-glycosidase, charcot-lydm crystal 
protein (galectin-10) is known as clysophopholipase and l-type 
lectins such as sialoadhesin are members the immunoglobulin 
super family. Multivalency may not be an absolute requirement, 
even though, it is still an important factor for most lectins. Since 
lectins generally have no apparent catalytic activity like enzymes 
their physiological functions remain unclear. Unfortunately for 
this reason, the term lectin sometimes been used as a convenient 
taxon to group out carbohydrate binding proteins the function of 
which were unknown. At present however probably no one will 
oppose the idea that lectins are deciphers of glycocode lectins are 
often classified based on saccharide specificity. 
Through this conventional method is familiar and practically 
useful, it is not necessarily relevant for reformed specificity. 
Lectins in some category e.g. galactose-specific lactins show 
considerably different sugar binding preferences. Moreover an 
increasing number of lectins which never show high affinity to 
simple saccharide have been found. Classification is a natural 
human activity. 
It is after all convenient means to classify an incomplete set 
of data each time. From the stand permit of modern molecular 
biology, lectins should be understand under the concept of protein 
family. By this criterion, we can judge objectively kinship 
between lectins. In other words, lectins who's structures have been 
determined are registered. Of course still many lectins remain 
orphan having no homologous proteins at the moment. However, 
as genome projects of various organisms, melding humans are in 
rapid progress, classification of lectins first of all under the 
concept of proteins (gene) family seems most relevant. 
Galectins are a rapidly growing family of animal lectins. All of 
them has galactose specificity. 
CA-dependent (C type) animal lectins form an extremely large 
family. 
Collectins another sub family of C-type for mannose, having 
unique structure consisting of C-type lectins domain and collagen 
like domain. 
On the other hand, invertebrate are known to contain various 
lectins in the body fluids as body protections factors. 
Annexins are group of proteins having affinity for lipids. 
The legume lectin family consist of a large no. of precursors, 
such as Con A with variable saccharide specificity comparable to 
C-type lectins. 
Ricin are the fruit lectins investigated in Russia more than 
100 years ago. 
Nevertheless the above approach is not enough to understand 
what lectins are even though members of the same families are 
similar it does not necessarily mean they are the same one we 
grasp on both the general and specific aspect of the lectins we will 
come to closer to understanding the essence of carbohydrates and 
life. 
Plant Lectins 
The high toxicity of castor beans was recognized during the 
last century when the extract was found to agglutinate a 
suspension of erythrocytes of different animal species. Since then, 
lectins were studied and extracted from plants, including fungus 
and lichens, as well as in animals. 
Lectins are glycoproteins of 60,000-100,000 MW that are 
known for their ability to agglutinate (clump) erythrocytes in 
vitro. There are over 400,000 estimated binding sites for kidney 
bean agglutinin on the surface of each erythrocytes. Lectins are 
found in most types of beans, including soybeans. Reduced 
growth, diarrhea, and interference with nutrient absorption are 
caused by this class of toxicants. Different lectins have different 
levels of toxicity, though not all lectins are toxic. The bright 
scarlet seeds of predatory bean Abrus precatiorius contain the 
highly toxic glycorprotins, abrin. Less toxic lectins can be fatal if 
ingested in high amounts. Some of such lectins is concanavalin a 
from concanavalia ensiformis (jack bean). Others may exhibit no 
hemgglutinating activity as in the case of ricin from castor bean 
and yet it is one of the most toxic substances. The term 
phytohemagglutinins, phytagglutinins, and lectins are used 
interchangeably. Lectins containing plants have been found in may 
botanical groups including mono and dictyledons, molds and 
lichens, but most frequently they have been detected in 
Leguminoseae and Euphorbiaceae. They may exist in various 
tissues of the same plant and have different cellular localization 
and molecular properties. 
Lectins interaction with certain carbhydrate is very specific. 
This interaction is as specific as the enzyme substrate, or antigen 
antibody interatctions. Lectins may bind with free sugar or with 
sugar residues of polysaccharides, glycorproteins, or glycolipids. 
which can be free or bound (as in cell membranes). Term lectin 
refers to the specificity of the reaction (legere = to choose). One 
of the major interests in this class of glycoproteins is the 
therapeutic use against HIV. 
Jacalin, a plant lectin, is found to completely block human 
immunodeficiency virus type 1 in vitro infection of lymphoid 
cells. This activity of the jacalin is attributed to its ability to 
specifically induce the proliferation of CD4+ T lymphocytes in 
human. 
Lectins in Foods 
The ability to agglutinate human erythrocytes or 
representatives of human indigenous microflora was detected in 29 
of 88 food items. Many foods contained substantial amounts of 
agglutinating activity, and lectins extracts could be diluted several 
folds and still produce agglutination. Great variation was observed 
in agglutination activity in the same food item purchased from 
different stores or from the same store on different days. 
Sometimes a food that possess substantial activity on one day was 
found to have little or even no activity on other day. A survey of 
the fresh and processed foods found lectins in about 30% of the 
food stuffs tested. 
Function and Role 
Lectins are a class of proteins of nonimmune origin that bind 
to carbhydrates reversibly and non-covalently without inducing 
any change in the carbohydrate bound. The biological function of 
lectins is their ability to recognize and bind to specific 
carbohydrate structures. Lectins not only distinguish between 
different monosaccharides, but also specifically bind to 
oligosaccharides, detecting subtle differences in complex 
carbohydrate structure. Lectins can functionally be distinguished 
by whether they recognize endogenous or exogenous ligands. 
Lectins that recognize endogenous ligands appear to play a role in 
fertilization. Lectins that recognize exogenous ligands probably 
evolved for non-self discrimination, and they may be soluble or 
surface bound (1). 
There are three main types of lectins: C-type, S-type, and 
Legume. Each have significantly diverse functions and play very 
different roles within their respective environments. 
Lectin Overview 
C-Type Lectins: C-type animal lectins are characterized by a 
calcium dependent carbohydrate recognition domain (CRD) (2). 
There are two main types of C-type lectins: Mannose Binding 
Protein (MBP) and Selectins. Both MBPs and Selectins have 
homologous CRDs. 
MBPs are thought to be able to recognize mannose groups on 
bacteria and mediate the destruction of these pathogenic invaders. 
Since newborns have yet to develop a robust antibody system, it is 
thought that MBPs may have a crucial role in providing some 
protection against infection at this early stage of life (6). 
Selectins interact with carbohydrate ligands on leukocytes and 
endothelial cells. Selectins operate in the vascular and 
hematologic systems. They mediate the initial adhesion of moving 
leukocytes to the stationary endothelium in a process called 
rolling. Selectins are essential for leukocyte recruitment into 
inflamed tissue (3), and the lymphocyte selectins function plays a 
role in the homing of lymphocytes to the peripheral lymph nodes 
(1). -
S-Type Lectins: S-type lectins (S for soluble) or or galectins are 
smalJ, soluble proteins with calcium-independent affinity for 
lactosamine and Bgalactoside (1). There are three main S-type 
lectins: S-Lac, galactose binding and galectin 3. S-Lac 
lectins, a type of S-type lectin, are implicated in modulating cell-
to-cell and cell-to-matrix interactions through specific 
carbohydrate-mediated recognition (5). 
Another type of S-type lectin, galectin 3, functions to 
regulate cell growth (9). Another S-type lectin, galactoside 
binding lectin has been found to enhance the aggregation of 
certain tumor cells. These tumor cell surface lectins are found to 
cause cell adhesion and metastasis. Such lectins can increase the 
ability of tumor cells that enter the blood stream to form 
aggregates with other tumor cells, or to adhere to host cells or to 
the extrocellular matrix s and thereby increase their surface 
metastic potential (7). 
Legume Lectins: Legume lectins have both calcium and 
manganese binding sites. The calcium ion puts several conserved 
residues in positions that are critical for carbohydrate binding (4). 
Little is as mediators of the symbiosis between nitrogen fixing 
microorganisms, primarily rhizogium, and leguminous plants, a 
process of immense importance in both the nitrogen cycle of 
terrestrial life and in agriculture (8). 
Lectins have no single function, and their relative abundance 
is not necessarily related to the importance of their function (8). 
References 
1. Arason, G.J. 1996. Lectins as defense molecules in 
vertebrates and invertebrates. Fish and Shellfish 
Immunology 6:277-289. 
2. C-type lectins: http://www.cermav.cnrs.fr/databank/lectine/ 
3. Graves GJ, Crowther RL, Chandran C, Rumberger JM. Li S, 
Huang Ks, Presky DH, Familletti PC, Wolitzky BA, Burns 
DK. 1994. Insight into E-selectin/ligand interaction from the 
crystal structure and mutagenisis of the lec/EGF domains. 
Nature., 367 (6463):532-538. 
4. Legume lectins: http;//www.cermav.cnrs.fr/databank/lectine/ 
5. Lobsonav YD, Gitt MA, Leffler H, Barondes SH, Rnin JM. 
1993. X-ray crystal structure of the human dimeric S-Lact 
lectin, L-14-I1, in a complex with lactose at 2.9-A 
resolution. J. Biol. Chem., 268 (36): 27034-2738. 
6. Mannose binding proteins: http://galactose.standord.edu/~ 
anaandk/ressseach.html 
7. Raz A, Lotan R. 1987. Endogenous galactoside binding 
lectins: A new class of functional tumor cell surface 
molecules related to metastasis. Cancer Metastasis Rev. 6 
(3): 433-452. 
8. Sharon Nathan, Halina Lis. 1989. Lectins as Cell 
Recognition Molecules Science. 
9. Yang Ri-Yao, Hsu Daniel K., Liu Fu-Tong. 1996. Expression 
of galectin-3 modulates T-cell growth and apoptosis. 
Proceeding of the National Academy of Science of the 
United States. 
Animal Lectins 
Discovery of Animal Lectins 
The First Animal Lectin? 
In 1974, Stockert et.al published a paper describing an 
agglutinin for human or lapine erythrocytes found in rabbit livers. 
This "mammalian hepatic lectin", as they called it, was claimed to 
be "the first lectin of mammalian origin". A recent historical 
review of animal lectins repeated that claim: "the first direct 
evidence for a mammalian lectin arose serendipitously during 
work by Ashwell et.al., who were studying the mechanisms that 
controlled the turnover of glycorproteins in the blood circulation... 
there was a dramatic difference between the circulating half-lives 
of glycoproteins which terminated either in sialic acid or galactose 
residues the side of accumulation of the desialylated glycoproteins 
was found to be primarily the liver. This led to the discovery of 
the asialoglycoprotein receptor". 
At the time, the claim seemed reasonable. Yet nothing could 
be further from the truth! Animal lectins, including mammalian 
lectins, have been known about for as long or longer than plant 
lectins, although the contexts of their discoveries were often 
rather different, and some were discovered long before their 
identification as carbohydrate binding proteins. As early as 1853, 
Charcot and Robin observed strange crystal-like structures in 
pathological tissues. Similar structures were observed in the 
sputum of asthmatics by Leyden in 1872, and these forms, which 
often appeared in association with eosinophil-mediated 
inflammation, subsequently became known as Charcot Leyden 
crystals. It is now known that these crystals represent a virtually 
pure form of a single protein (CLCP), which constitutes>7% of the 
total protein content of a typical eosinophil. No longer believed to 
possess lysophosphatase activity, the protein does appear to 
recognize and bind carbohydrate, and has been designated 
galectin-10. There are still some uncertainties and possible 
inconsistencies to be resolved, since the reported carbohydrate 
specificity differs between the soluble and the crystalline state, 
and as it binds mannose in the latter condition, should it continue 
to be classified as a galectin, and if so, should the present 
definition of galectin be changed? 
It seems likely, however, that the CLCP was the first animal 
(mammalian) lectin to be discovered, though not as a lectin The 
first animal lectin activity observed was probably found in snakes 
In 1902, Flexner and Noguchi, from the University of 
Pennsylvania, published a detailed study of the agglutination and 
lysis of erythrocytes and leukocytes by a variety of snake venoms 
They attributed the agglutinating activity to "inteimediaiy 
bodies", or antibody-like factors. The intermediary bodies were 
the products of immunization that combined with complement / 
alexin to mediate cell lysis. This work was apparently prompted by 
one of their colleagues, S. Weir Metchell, who had devoted his 
research career to a study of the rattlesnake {Crolalus durissus), 
since the Flexner-Noguchi paper was prefaced by the following 
statement: 
I have long desire that the actions of the venoms upon blood 
should be further examined. 1 finally indicated in a series of 
propositions the direction I wished the inquiry to take starting 
from these the following very satisfactory study has been made by 
Professor Flexner and Dr. Noguchi. My own share in it, although 
so limited, I mention with satisfaction. - S. Weir Mitchell. 
Flexner and Noguchi freely acknowledged that Mitchell and 
Stewart had previously describes red blood cell agglutination 
(their term, and meant to convey its present-day meaning) by 
snake venom in print 5 years before. More historically significant, 
however, an article by Mitchell and Reichert in 1886 describing 
the former's studies on rattlesnake venom, contains an explicit 
description of agglutination although that term is not used. That 
article was published 2 years before Herman Stillmark's first 
description of plant lecitn activity, and, as I have suggested 
before, Mitchell actually observed rattlesnake venom lectin 
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activity before 1860. We may conclude therefore that S. Weir 
Mitchell was the first researcher to observe animal lectin activity, 
and probably the first to observe lectin activity per se, whether of 
plant or animal origin. 
Lectins in snake venorms were reinvestigated many years 
later and thrombolectin from Bothrops afrox become that first to 
be isolated in pure form in 1980. Since then, several others have 
been purified or cloned, and have been found to be useful as 
reagents to investigate platelet function. 
Blood Grouping Lectins 
The term lectin was invented to describe nonimmunoglobulin 
agglutinins with the capacity to distinguish between erythrocytes 
of different blood groups. During the brief period when the term 
conveyed its original meaning, most lectins were agglutinins from 
leguminous plants. Nevertheless, eel agglutinins were known 
about and used at that time, although, as serum components, such 
agglutinins were widely regarded as antibodies or antibody-related 
molecules. These ell agglutinins were of crucial importance in 
establishing the carbohydrate nature of the human blood group 
antigens and specifically for the demonstration of fucose as the 
immunodominant structure in blood group O. In due course, 
biochemical studies on the agglutinins of An^uil/a an^uilla and 
related species clearly indicated their nonimmunoglobulin nature. 
However, it was only very recently that the primary structure was 
determined in full, leading to the discovery of a new family of 
animal lectins. 
The first group A-specific lectin of animal origin was found 
in a butter clam (Saxidomus) in the 1960s, and that was soon 
followed by reports of anti-A lectins in the snail Helix pomalia 
and related species. These snail lectins are amongst the most 
specific anti-A reagents available, and have been widely used for 
blood grouping and for other applications. While other mollusc 
lectins were often found in to be ABO non-specific, anti-A 
agglutinins were found in the eggs of amphibians, and more 
recently in the haemolymph of horseshoe crabs on the other hand, 
another notable mollusc lectin in the anti-1 lectin from the gonads 
oi Aplysia depilans. 
The first anti-blood group B activities of animal origin were 
found in several species of the trout / salmon family. More 
recently, highly specific anti-B lectins have been isolated from the 
crabs Scylla serraia and Charybdis Japonica, while a lectin from 
the tunicate Didernum candidum is specific for group B cells 
treated with pronase. 
p-Galactoside Binding Lectins 
The cellular slime mould, Didernum discandidiinK is a 
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popular model species for the study of eukaryotic development and 
differentiation, and there was much excitement in 1973 when it 
was found to possess an agglutinin for sheep erythrocytes that 
could be inhibited by lactose, galactose and related saccharides. 
This agglutinin, first named discoidin then discoidin-1 exhibited a 
400-fold increased in specific activity during aggregation of 
amoebae, and was originally thought to mediate the adhesive 
contacts between the cells. Within a few years, several rather 
similar lectins were discovered in related or indeed the same 
(discoidin-2) species. All were readily inhibited by lactose, but 
differed in fine specificity, including relative affinities for 
galactose and N-acetylgalactosamine. 
An apparently similar lactose-specific lectin was reported in 
1975 from the electric organ tissue of the electric eel. The 
discovery of "electrolectin" prompted the authors to survey 
various tissues of higher animals for lactose-sensitive agglutinins. 
Such activity was founds to be very widely distributed amongst 
the numerous rat organs examined, but the highest specific activity 
was found in pectoral muscle of chicken embryos. Before long, it 
was apparent that these "soluble lectins", "endogenous lectins", 
"galaptins" or "P-galactoside - binding proteins" occurred 
universally in vertebrate tissues. 
Although the slime mould and vertebrate agglutinins have 
much in common, including affinity for trypsin-tieated labbit 
erythrocytes, sensitivity to lactose and other P-galactosides, 
significant developmental regulation, and localization both within 
and outside the cell, there is no primary structural homology 
between those two groups. Many of the vertebrate lectins aie 
structurally homologous, however, and the term "galectin" in now 
preferred to denote members of this family. These galectins can be 
classified on the basis of subunit structure into prototype (single 
domain), tandem repeat type (two homologous domains) or 
chimera-type (galeclin domain combined with an unrelated 
domain). The mammalian galectins can also be independently 
classified into 13 subfamily members based on similarities of 
amino acid sequence only. 
Penlraxms 
C-reactive protein was first reported in 1930 as an anti-
body-like precipitin of pneumococcal C polysaccharide, hence its 
name. As a precipitating, complement-activating molecule with a 
high affinity for phosphorylcholine, its lectin nature was not 
immediately obvious. However, CRP has been found to bind to 
galactans and galactose phosphates using a sepaiate binding site 
The term pentraxin was applied to CRP and its homologue. 
serum amyloid P component, to reflect their unusual quateinaiy 
structure in which five identical polypeptide subunits combine to 
form a ring with a central hole, loosely resembling a doughnut. 
Both human pentraxins have had their three-dimensional structure 
solved by X-ray crystallography; an interesting finding has been a 
tertiary fold with a "jelly-roll" topology. A related molecule, 
PTX3, found in blood cells, many be considered a third human 
pentraxin. 
Pentraxin have been found in many vertebrate species, where 
the division into CRP or SAP is not made on the basis of primary 
structural homology to the human examples, but rather on a 
preference for phosphorylcholine (CRP) or phosphoethanolamine 
(SAP). 
The pentraxin family, defined by primary sequence 
homology to vertebrate CRP/SAP, is also represented in 
invertebrates by the tunicates, Calvelina picia and D. candidunu 
and the horseshoe crabs, Limulus polyphemus and Tachypleus 
Iridenatus. It is the L. polyphemus lectin that is of most historical 
interest. A haemagglutinating activity in L. polyphemus was 
known as early as 1902, and, as such, was one of the first-
described lectins. It was not uniti the final quarter of the 20"' 
century, however, that limulin (as it became known) became the 
subject of intense biochemical study. It was soon apparent that 
limulin was a mixture of agglutinins, and later it seemed that the 
true limulin was the A. polyphemus homologue of human ( -
reactive protein. However, our current understanding that limulin 
(=major lectin) is a pentraxin haemagglutinin highly homologous 
to, but district from, a nonhaemagglutinating C-reactive protein, 
and that it is one of several pentraxins and one of several lectins 
found in L. polyhemus haemolymphy. A more SAP-like pentraxin 
has been found to be a hexadecamer with a doubly crab, 
Trachypleus tridentatus, has over 20 different pentraxins in its 
haemolymph. 
Collectins 
The collectins constitute a distinct group defined by a 
primary structure consisting of a district (C-type) carbohydrate 
recognition domain combined with a collagen-like domain. The 
basic polypeptide chains organise themselves into triplets with a 
long intertwined tail combined with short, globular heads; these 
triplet subunits then oligomerize to form either cruciform 
structures or a shape that has been likened to a bunch of tulips. 
The latter form is similar to the three dimensional structure 
assumed by the first component of complement, C1 q. 
It is now apparent that the first collectin to be discovered 
was bovine conglutinin in 1906, although it was not so named for 
a further few years. It was not thought of at the time as any kind 
of analogue of plant agglutinins, but, with hindsight, it discovery 
can be recognised as constituting the first association of an animal 
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lectin with the immune system. It was arguably the first 
mammalian lectin to be discovered, since their characteristic 
activity was eventually demonstrate to be based on protein-
carbohydrate interaction. In contrast, Charcot-Leyden crystals / 
galectin -10 molecules were discovered as structures, not as a 
biological activity. 
The best characterized human collectin, mannan binding 
lectin, was first detected biochemically as contaminate of a human 
liver a-mannosidase preparation. It was subseqently purified and 
characterized from human serum and liver homogenates of humans 
and rates. A totally unrelated set of investigations concerned a 
factor in human plasma / serum responsible for the in vitro 
opsonization of baker's yeast, which was absent in some infants 
with severe, recurrent infections and also absent in 5-7% of 
healthy adults. A breakthrough came in 1989 with the 
demonstration of a correlation between this opsonic activity and 
MBL protein determined by ELISA. Shortly after wards, the 
identity of MBL and at the yeast opsonin was confirmed, and its 
genetic basis demonstrated, in several three generation families in 
which the opsonic defect, absence of BML, and susceptibility to 
childhood infections were co-inherited. 
In the last few years, two of proteins with collectin like 
structures have been cloned from human liver and placenta. The 
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latter lectin (CL-Pl or SRCL) can bind to and promote the 
phagocytosis of bacteria and yeast. 
The coUectins along with the ficolins are reviewed in detail 
elsewhere in this volume and its clinical significance is also the 
subject of a separate article. 
Select ins and Other Adhesion Molecules 
Many proteins we regard as adhesion molecules are now 
known to be lectins. They belong to different family groups and 
include CDllb / CD18 (an integrin), CD22 (a "siglec"), CD31 (a 
non-siglec I-type lectin), CD44 (a hyalectin-related C-type lectin) 
and thrombospondin. 
Table 1 
Key Discoveries in Animal Lectin History 
1853 First description of Charcot-Leyden crystals (by 
Charcot and Robin) 
1860-1886 Weir Mitchell's studies on rattlesnake venom 
1902 Horseshoe crab agglutinins first reported 
1906 Conglutinin; first animal lectin to be associated with 
the immune system 
1935-1946 Eel agglutinins and their application as blood typing 
reagents 
1973-1975 Discoidins and related lectin in cellular slime moulds 
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1974 Rabbit hepatic lecitn (asialoglycorprotein receptor) 
reported 
1975 Electrolectin and beginning of research into galectins 
1989 Selectins identified as a new subfamily of C-type 
lectins after publication of primary sequence data 
from various adhesion molecules 
1989-1991 Demonstration of the identity between mannan-
binding lectin and the baker'[s yeast opsonin 
Probably the most celebrated group of adhesion molecule 
lectins are the selctin subfamily of C-type lectins. They were 
discovered as a discrete group after the virtually simultaneous 
publication in 1989 of the primary sequences of three 
independently studied and cloned proteins. The murine lymph node 
homing receptor (MEL-14 antigen); the endothelial-leukocyte 
adhesion molecule-1 (ELAM-1 or LECAM-2); and the platelet 
granule membrane protein 140 (GEP-140, LECAM-3 or 
PADGEM). All three were found to have a C-type lectin domain 
combined with an epidermal growth factor like domain and a 
variable number of complement regulatory protein like repeat 
domain. The above mentioned molecules, which from the same 
species possess around 50% sequence identity in their C-type 
lectin domains, are now known as L-selectin, E-selectin and P-
selectin, respectively, or alternatively as CD62L, CD62E and 
CD62P. 
The selectins possess rather similar saccharide specificities 
and exhibit a considerable redundancy of function. There is good 
evidence that the slectins are involved in cell trafficking, 
including the recruitment of neutrophils to sites of inflammation. 
As this phenomenon may sometimes be pathological, there has 
been much interest in the therapeutic application of selectin 
inhibitors as anti-inflammatory agents. The discovery of this 
subfamily with a well-defined function and great potential 
pharmaceutical importance has taken us a long way from the 
observation of strange crystals in the sputum of asthmatics or 
haemgglutinating activity in the venom of snakes (Table 1). 
Structure of Animal Lectins 
Structural Families 
As recently as 1988, when Drickamer reviewed what was 
known of the primary structures of animal lectins, it could be 
concluded that most belonged to one of two structural families: the 
C-type (requiring Ca^^ for activity) lectins and the S-type 
(sulfydryl-dependent or beta-galactoside binding) lectins. Both 
families had a conserved domain of approximately 120 amino acid 
residues, although the C-type and S-type domains were totally 
unrelated to each other. The few exceptions known at the time 
were a heterogeneous group referred to as "N-type" (not C or S). 
Table 2 
C-type Lectin Subfamilies 
1 Hyalectans 
II Asialoglycoprotein receptors 
III Collectins 
IV Selectins 
V NK group transmembrane receptors 
VI Macrophage mannose receptor 
VII Simple (single domain) lectins 
The present day perception is very different, with vastly 
more structural knowledge available. It is clear that there are may 
Ca "^  dependent lectins that do no possess the defining C-type 
conserved primary sequence, and S-type lectins (now widely 
known as galectins) that are not sulfydryl depending. The genuine 
C-type lectins are more varied than first thought, and can be 
classified into subgroups depending on gene structure and the 
nature of additional non-lectin domains (Table 2). Above all. it is 
clear that there are many different animal lectin families, defined 
by primary structural homology. 
If we define a lectin family as a group of two or more 
carbohydrate binding protein with significant primary structural 
homology (other than species homologues), it is possible to list at 
least 10 such families in addition to the galectins and C-type 
lectins (Table 3). Classification is not always straightforward. For 
example, the ficolins are clearly district from tachylectins-5A and 
5B and from the slug {Umax flavus) agglutinin, but all share a 
homologous fibrinogen-like domain that is responsible for 
carbohydrate binding. Several of these lectin families have 
members that do not appear to possess carbohydrate-binding 
ability. 
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Table 3 
Structural Families of Animal Lectins 
C-type 
S-type (galectins) 
I-type (siglecs and others) 
P-type (phosphomannosyl receptors) 
Pentraxins 
(trout) egg Lectins 
Calreticulin and calnexin 
ERGIC-53 and VIP-36 
Discoidins 
Eel agglutinins (fucolectins) 
Annexin lectins 
Ficolins 
Tachylectins 5A and 5B 
Limas jlavus agglutinin 
Fibrinogen-type 
7S 
Table 4 
Some Orphan Lectins 
Amphoterin 
C D l l b / CD18 (CR3) [integrin] 
CEL-III (from Cucumaria echinata) 
Complement factor H [complement regulatory-type short consensus 
repeat ] 
Entamoeba histolytica adherence lectin 
Rana sialic acid-binding lectin [ribonucleases] 
Tachylectin-1 / tachylectin P [tectonins] 
Tachylectin-2 isolectins 
Tachylectin-3 
Thromobospondin 
lnterleukin-1 
lnterleukin-2 
lnterleukin-3 
Interleukin-4 
lnterleukin-5 
Interleukin-6 
Interleukin-7 
lnterleukin-8 
Interleukin-12 
Tumour necrosis factor 
cytokines 
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There are many lectins that do not belong to known lecitn 
structural families (Table 4), but these "orphan" lectins often 
belong to well-established families, other members of which do 
not bind saccharides. It is likely that in time, future knowledge 
will justify some of the names in Table 4 being transferred to 
Table 3. It is already clear, however, that lectin activity is often 
an occasional finding in members of families defined on primary 
structural grounds. 
Certainly, lectin activity is found in association with a large 
variety of primary structural groupings. Consequently, it is not as 
self-evident as it seemed to be a few years ago, that classification 
of animal lectins on a structural family basis is the most rational 
and consistent means of grouping them. Indeed, carbohydrate 
binding ability may have evolved independently and sporadically 
in numerous unrelated families each of which had evolved a 
structure that was conserved to fulfil some other activity and 
function. 
Structure Activity Divergence 
Many animal lectins are not unique molecules, but rather are 
members of a group of homologues that differ between species. 
For example, the same term "galectin-1" is used to describe 
molecules that differ considerably in primary sequence in humans, 
mice, rats and the electric eel. These various galectins-1 are 
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nevertheless species homologues and do possess a great deal in 
common with respect to properties. 
Paradoxically, however, very minor differences in amono 
acid sequence can be responsible for surprisingly large changes in 
characteristics. For example, the thrombolectin group of snake 
venom lectins possess about 90% primary structural identity (far 
more than the various galectins-1); yet there are distinct 
differences in fine specificity and other properties, including 
resistance to DTT-mediated inactivation of the Lachcsis nnita 
lectin in contrast to all the others. Similarly, human galectin-9 and 
its variant, ecalectin, are almost 99% identical in primary 
sequence, yet only the latter is a potent chemo attractant for 
eosinophils. Perhaps the most remarkable example of all is 
tachylectin-1 / tachylectin-P from the Japanese horseshoe crab, 7. 
tridentatus. 
Despite sharing 218/221 (99%) amino acid residues, 
tachylectin-1 binds LPS and agglutinates bacteria but not 
erythrocytes, while tachylectin-P from the Japanese horseshoe 
crab, T. tridentauts. Despite sharing 218/221 (99%) amino acid 
residues, tachylectin-1 binds LPS and agglutinates bacteria but not 
erythrocytes, while tachylectin-P is a haemagglutinin without 
affinity for bacteria. The bacterial agglutinating activity of 
tachylectin-1 cannot be inhibited by simple sugars, but the 
2S 
erythrocyte agglutination mediated by tachylectin-P is readily 
inhibited by several N-acetylated sugars. 
Ternary Structure Convergence 
Another astonishing feature of some animal lectins is their 
similarity in shape to some plant lectins. X-ray crystallographic 
studies on some galectins, some pentraxins and on tumour necrosis 
factor have a revealed a tertiary fold resembling that of certain 
legume lectins, the so-called "jeely role mot i f . These animal 
lectins have nothing in common with each other or with legume 
lectins at the amino acid level, so this appears to be an 
extraordinary example of convergent evolution. Furthermore, the 
mammlian intracellular lectins ERGIC-53 and VlP-36 not only 
have a legume lectin like fold, but also actually possess an amino 
acid sequence with approximately 20% identity to several legume 
lectins. To put this in perspective, it is comparable with the 
sequence similarity between human galectin-1 and the galectin 
from the fungus / yeast, Coprinus cinereus. There is some 
evidence from secondary structure predictions, however, that 
ERGlC-53 and VIP-36 diverged from a common ancestor, as 
discussed elsewhere. 
Other examples of limited sequence similarities between 
animal and plant lectins include those between discoidin and ricin, 
CEL-111 from cucumaria echinala and abrin, linlamocha 
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hislolylica adherence lectin and wheat germ agglutinin, and PFA 
(a recently discovered P-galactoside specific snail lectin and ricin. 
Lectins thai Bind Non-Carbohydrate 
A frequent finding with animal lectins is an additional 
ability to bind to structure other than carbohydrates via protein -
protein, protein-lipid or protein-nucleic acid interaction (Table 5). 
This is often found when a carbohydrate recognition domain is 
combined with an additional domain, a structural feature that led 
Barondes to describe animal lectins in general as "bifunctional 
molecules" there are times. However when the carbohydrate-
binding site or a locus close to it is responsible for binding to non-
saccharide ligands. Both phenomena are exhibited by collectins 
such as surfactant protein a or mannan binding lectin. Their 
collagen-like domains can bind to Clq / collectin receptors by 
protein-protein interactions; the separate carbohydrate recognition 
domain can bind to phospholipids as well as saccharides, possibly 
using the same active site. 
Of particular interest in the nonintegrin elastin / laminin 
binding protein of 67 kDa. This molecule binds to laminin and 
elastin via hydrophobic, protein-protein interactions, but also has 
a separate galactose-binding site. These two activities, however, 
are not independent: elastin binds with high affinity in the absence 
of galactose, but the presence of the latter or related sugars 
^0 
induces a conformational change and a concomitant drop in 
affinity for elastin. This is therefore an excellent example of how 
lectin- carbohydrate interaction can regulate protein-protein 
interaction. This may be an example of a much more general 
phenomenon; I have argued elsewhere that the labile lectin activity 
of galectin-1 may provide a time limited means of concentrating a 
growth regulatory molecule at a particular locus. 
Table 5 
Some Lectins that bind Non-Carbohydrate Structures 
Aggrecan [tenascin-R; fibulin-1] 
Calreticulin [integrins] 
CD23 [IgE] 
C-reactive protein [ribonuckoprotein] 
CDllb/CD18 [ICAM-1 and iC3b] 
Didemnum teratanum lectin [collagen] 
Discoidin-1 [67 kDa protein] 
Galectin-1 
Interleukin-l 
Interleukin-2 
Mannan-binding lecitn [phospholipids; collectin receptors] 
Nonintegrin elastin / laminin-binding protein 
P35 (L-ficolin) [elastin; corticosteroids] 
Phosphomannosyl receptor-1 [IGF-II; retinoic acid] 
Serum amyloid P component [DNA] 
Surfactant proteins A and D [lipids; protein receptors] 
Tetranectin [plasminogen] 
Tumour necrosis factor-a 
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Molecules with More than One Lectin Domain 
The macrophage mannose receptor has 12 domains, of which 
eight are C-type lectin domains. Those C-type domains show up to 
34% amino acid sequence identity with each other, but the 
carbohydrate binding activity is confined to the region between the 
fourth and eighth domains and only the fourth domains able to 
bind mannose in the absence of the other domains. 
As previously noted, it is no unusual to find an animal lectin 
structure where a carbohydrate binding (lectin) domain is 
combined with a separate domain (or domains) that does not 
possess carbohydrate binding activity. The structure may be even 
more complex, however, as there are known examples of 
molecules with two separate structurally district lectin domains. 
These include the 37 kDa Botryllus schlosseri lectin, which has 
both C-type lectin and immunoglobulin domains. Does that mean it 
is a C-type lectin or an I-type lectin, or both? Other examples 
include the Halocynthia roretzi galactose-specific lectin and the 
fibrinogen-related proteins of the freshwater snail, Biomphalana 
glahrata, all of which possess and immunoglobulin domain in 
combination with a fibrinogen-like domain. 
It must be stressed that possession of a lectin domain 
(defined by primary structural sequence) does not necessarily 
guarantee lectin activity. For example, in many snake venoms. 
there are molecules with typical C-type lectin domains. These 
homologous molecules can be divided into two groups. The first 
(thrombolectin) group consists of lactose/galactose-specific 
haemagglutinins. The second group, although structurally 
homologous to the first, consists of members that do no appear to 
recognize sachardie structures and therefore are not true lecitns. 
These include convulxin and botrocetin. 
Non-Immune Functions of Animal Lectins 
Animal lectins in general appear to have wide variety of 
functions (Table6), although for many individual lectins, a 
function is unknown. Some lectins may have more than one 
function. Perhaps the best, established functions outside the 
immune system are lysosomal enzyme transport by the 
phosphomannosyl receptors and the molecular chaperone role of 
calreticulin in the endoplasmic reticulum. 
Table 6 
Functions of Animal Lectins 
Self/non-self recognition 
Intracelular routing of 
glycoconjugates 
Molecular chaperones during 
glycoprotein synthese 
Mediation of endocytosis 
Cellular growth regulation 
Collectins, ficolins, complement 
factor H, CDl 1B/CD18(CR3), 
tachylectins, 
|3-1,3 glucan-binding lectins 
P-type lectins, ERGIC-53, GIP-
36 
Calnexin, carlreticulin 
Asialoglycoprotein receptors, 
macrophage mannose receptor 
Galectins, sarcolectin, cytokines 
Extracellular molecular binding Geodia cydonium galectin, other 
Cell-cell interactions for 
homing and trafficking 
Scavenging of cellular debris; 
anti-inflammatory action 
Urate transport 
galectins interleukin-2 
Selectins, CD22, CD31, CD44 
Pentraxins, galectins 
Galectin-9 
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Lectins as Recognition Molecules within the Immune 
System 
While it is undoubtedly and obviously true animal lectins 
have miscellanceous functions as noted above, it is also a 
defensible thesis that, as a generalization, the principal function of 
animal lectins is to act as recognition molecules within the 
immune system. This role may be subdivided into four separate 
categories, although they are not mutually exclusive: direct 
defence (antibody-and or/or complement-like); recognition and 
trafficking with the immune system; immune regulation 
(suppression or enhancement); and prevention of autoimmunity 
each category will considered separately and examples given 
below. 
Direct Defence 
Numerous lectins found in the haemolymph of invertebrates 
appear to act like natural antibodies of provide a first line of 
defence by binding to and neutralizing pathogens, and often 
promoting phagocytosis by haemocytes. Among the best examples 
are: b-1,3 glucan binding lectins from various sources, which 
recognize yeasts or bacteria and activate the prophenoloxidase 
system; the tachylectins from Japanses horsehoe carbs; and the 
battery of structurally unrelated lectins from the cockroach. 
Blaherns discoidalis. The groups of multiple lectins (each lectin 
with differing saccharide and microbial specificity) found in the 
last two examples constitute a humoral innate immune system with 
the collective ability to enhance the phagocytosis of a wide variety 
of microorganism, not unlike the range of activities provided by 
polyclonal immunoglobulins. Some of these invertebrate 
"protectins" are C-type lectins, but other structural families are 
also represented. 
Antibody-like lectins are not confined to invertebrates. In 
higher animals, including humans, there are collectins (mannan-
binding lectin) etc. ficolins, and the membrane bound macrophage 
mannose receptor all of which recognize and directly promote 
elimination of pathogens. There is also some evidence that C-
reactive protein and tumour necrosis factor act in an antibody-like 
manner. Galectins in general are certainly not thought of as 
antibody-like, yet two examples of such a role can be provided. 
The murine macrophage galectin-3 can bind to oligomannosides 
from Candida albicans, while a galcetin (OVAL 11) from ovine 
gastrointestinal tissue was induced by infection with the nematode, 
Haemonclus contorlus. Most recently, evidence has been provided 
that galectin-1 can influence macrophase function in the setting of 
Trypanosoma cruzi infection, although this influence may be 
complex and its significance in vivo in unclear. 
A few lectins may be considered to resemble complement 
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components more than antibodies. Complement factor H actually is 
a regulatory component of the alternative pathway of complement; 
this activity is mediate by recognition of sialic acids, and the 
fundamental functions of factor H may be to distinguish host cells 
from activators of the alternative pathway. Conglutinin, an anti-
viral and antibacterial collectin, binds to immune complexes via 
carbohydrate structures on iC3b and thus acts as an opsonin. 
CDl lb /CD18 (CR3) also promotes phagocytosis via iC3b binding 
on immune complexes but by a carbohydrate independent 
mechanism; however, this integrin is also a P-glucan-specific 
lectin enabling recognition of C. albicans and several other 
pathogens. 
C. echinaia lectin 111 (CEL-Ul) is a remarkable sea 
cucumber protein with the ability both to agglutinate and lyste 
erythrocytes via its lectin activity. It is cytotoxic to various cell 
lines and may be considered and unusual example of antibody and 
complement-like activity associated with the same active 
(carbohydrate-binding) site. 
Cell Recognition and Trafficking 
The immune system depends as much on self-recognition as 
it does on the identification of the foreign. Cells involved in 
immunity travel from blood to lymph and back again and can 
readily respond to lymph and back again, and can readily respond 
to appropriate signals by rapid extravagation to sites of 
inflammation. 
There is abundant evidence, from the use of specific 
antibodies to observations on gene-targeted ("knock-out") mice, 
that all three selectins function in cell traffic, promoting 
extravagation via the "rolling" capture of leukocytes. L-slectin, E-
selectin and P-selectin are not identical in specificity or function, 
but strong similarities exist in the fomer and considerable overlap 
or redundancy exists in the latter. The clinical significance of 
selectin-carbohydrate interactions may be inferred from a rare 
disorder of fucose metabolism, the leukocyte adhesion deficiency-
II syndrome. This disease characterized by neutrophil adhesion 
deficiency and severe, recurrent infections is caused by the 
absence of the sialyl-Lewis structure, which appears to be an 
essential feature of selectin ligands, 
L-selectin seems to be involved in lymphocyte exit from 
lymph nodes as well as the better-studied entrance via interaction 
with addressins on post-capilliary venules. Most interestingly, L-
selectin appears to bind to the mannose receptor on lymphatic 
endothelium. 
Several other adhesion molecules with lectin activity have 
been implicated in cell trafficking. CD44 has a role in lymphocyte 
recalculation, with impaired homing to lymph nodes and thymus 
found in gene-targeted CD44 deficient mice. CD22 mediates the 
homing of murine B cells to bone marrow C D l l b / C D t 8 mediates 
monocyte and neutrophil adherence to endothelium and thus 
promotes extravastion of neutrophils to sites of inflammation. 
CD31 also influences neutrophil migration in response to 
inflammatory stimuli, as does galectin-3. Galectin-9 may 
specifically recruit eosinophils to inflamed tissues in addition to a 
possible role in thymocyte-epithelial cell interactions in the 
thymus. 
Immune Modulation 
Electolectin, the galcctin-1 homologue of the electriceeK 
was shown many year ago to be highly effective at preventing the 
development of experimental myasthenia gravis in rabbits when 
administered intrademally. Even more impressively, electrolectin 
could cure a substantial proportion of animals when administered 
after the onset of symptoms. These benefits were thought to be 
secondary to an effect on lymphocytes. 
Mammalian galectin-1 appears to have similar immuno-
regulatory properties. Human recombinant galectin-1 had a potent 
suppressive effect on the induction of experimental autoimmune 
encephaloyelitis in rats, concanavalin A-induced hepatitis in mice, 
and experimental graft versus-host disease in mice. Murine 
galectin-1 can suppress collagen-induced arthritis either after 
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injection of fibroblasts engineered to secrete the leactin or by 
daily administration of the recombinant protein. Galectin-1 can 
induce apoptosis, and it sib possible that the protective effects 
noted above depend on the selective elimination of activated T 
cells. It must be considered a real hop that human galectin-1 will 
find clinical application in the treatment of T cell mediated 
diseases, particularly autoimmune diseases. 
Concluding Comments 
It is clear that lectin activity is found in association with a 
wide variety of primary structures within the animal kingdom. It 
may be that carbohydrate binding has evolved as a useful 
additional property amongst unrelated protein fulfilling a variety 
of principal functions. Often it would appear, lectin activity has 
been found to be advantageous within the immune system, both for 
self/non-self discrimination and for autologous cellular 
interactions between components of the immune system. 
The preceding pages constitute a brief overview that was 
intended to place some of the better-know animal lectins within 
their historical contexts. Further information, contained within 
this volume, is available from detailed reviews of 1-types lectins, 
P-type lectins collectins, tachylectins, cytokines and others, while 
several articles deal with aspects of galectin biology. 
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Proteins fall into the general class of polymers, which aie 
simply linear molecules built up from simple repeating units, the 
monomers. In the case of proteins, the monomers are the amino 
acids; 20 different amino acids are used. 
In one sense, proteins are more complex than most polymers 
in that 20different monomers are used in their construction, 
whereas many polymers have only a single type of monomer. In 
another sense, however, proteins are structurally less complex: 
Most chemicals polymers are created by polymerizing a mixture of 
the monomers, thereby producing a distribution of chain lengths 
and an approximately random sequence if more than one type of 
monomer is present. In contrast, proteins have precise lengths of 
polypeptide chain and exact sequences of the amino acids. They 
also are linear and unbranched. Most important, they have the 
property of acquiring very specific folded three-dimensional 
conformations, which will be described in later chapters. 
Of the 20 amino acids normally used to build proteins, 19 
have the general structure and differ only in the chemical structure 
of the side chain, R. Proline, the 20"' natural amino acid, is similar 
but has the side chain bonded to the nitrogen atom, to give the 
imino acid: 
\ I t ? ^ ^ > U 
Except in glycine, where the side chain is simply a hydiogen 
atom, the a-carbon atom is asymmetric and always of the L 
isomer: 
\ 
/x 
The structures of the side chains of the 20 amino acids aie 
illustrated in Figure 1-1. Also given are their three-and one-letter 
abbreviations. Because the formers are obvious and used widely, 
they will be employed here. 
The 20 amino acids are assembled into proteins by linking 
them together via peptide bonds, as illustrated here foi the 
condensation of two amino acids' 
K 
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Many such amino acids, generally from 50 to 1000, aie 
linked together in this way to form a linear polypeptide chain The 
polypeptide backbone is simply a repetition of the basic amino 
acid unit, which is described as an amino acid residue when 
incorporated into a polypeptide chain: 
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All proteins and polypeptides have this simple basic 
structure and differ only in the number of amino acid lesidues 
linked together in the chain (n in Eq 1-5) and in the sequence in 
which the various amino acids occur in the polypeptide chain 
It may be useful at this stage to define the various teims that 
are used. A peptide generally refers to only a small numbei of 
amino acid residues linked together, usually with a defined 
sequence. No particular maximum number of residues may be 
specified, but the term peptide is appropriate if the physical 
properties are generally those expected from the total of the 
constituent amino acids. A polypeptide generally refers to longer 
chains, but with either the sequence or the length not defined 
Such polymers are often prepared by chemical polymerization of 
one or a few amino acids into random sequences of varying 
lengths. They usually have no defined conformation, oi they 
acquire simple repetitive structures such as helices or sheets 
Proteins of specific sequence are often referred to as polypeptides 
if they are not in a defined conformation 
The Polypeptide Backbone 
The peptide backbone consists of a repeated sequence of 
three atoms the amide N, the alpha C, and the carbonyl C 
4> 
\ i i' i 
Which are generally represented as Ni, Cia and CT 
respectively, where i is the number of the residue staiting fioni the 
amino end. 
The dimensions of the peptide groups derived from three-
dimensional crystal-structure analyses of small peptides are given 
in Figure 1-2. The maximum distance between repeating atoms in 
the polypeptide backbone maximum distance between repeating 
atoms in the polypeptide backbone is 3.80 A, when the peptide 
bond is trans, in a fully extended chain consisting of many 
residues, the repeating units are staggered, so that the maximum 
linear dimension of a polypeptide with n residues in n x 3.63A 
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The presence of an asymmetric centre at the C carbon atom, 
with only L-amino acid residues, results in an inheient asymmetiy 
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of the polypeptide chain. This will be shown to be impoitant foi 
its spectral properties and conformation. In principle, rotation may 
occur about any of the three bonds of the polypeptide backbone 
However, the peptide bond appears to have partial double-bonded 
character, presumably owing to resonance: 
i ! i 
So that the six atoms depicted above have a strong tendency 
to be coplanar. Consequently, the C -N bond length is obseived 
crystallographically to be 1.33 A, shorter than a normal bond 
length of 1.45 A, as in the C^-N bond, but also longer than the 
value of 1.25 A for the average C=N bond length in model 
compounds. The peptide bond appears to have appears of have 
approximately 40 percent double-bonded character. Rotation of 
this bond is then markedly restricted, but two configurations of the 
planar peptide bond are possible, one in which the Ca atoms aie 
trans, the other with them cis: 
i " 
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The trans form is favored energetically, probably owing to 
fewer repulsions between bonded atoms. 
As a result of this resonance, the peptide backbone is 
relatively polar, with the electrons tending to be redistributed to 
give the permanent dipole indicated in the resonance state depicted 
in Equation 1-7. The H and N atoms appear to have positive and 
negative, respectively, equivalent charges of 0.28 electron, while 
C and O have respective positive and negative equivalent charges 
of 0.39 electron. 
The other two types of bonds of the peptide backbone appear 
to behave as normal C-C and C-N bonds. 
The peptide backbone is chemically rather unreactive. A 
proton is added or lost only at extremes of pH. The apparent pK^ 
value for deprotonation of the amide NH of the polypeptide 
backbone is between 15 and 18, whereas it is about -8 to -12 for 
protonation. The oxygen atom is protonated more readily, with an 
apparent pKg value of about-1. These properties are extremely 
useful for making possible measurement of hydrogen exchange 
from the backbone, which is important for studying the 
conformation is solution. At pH values where protonation or 
deprotonation becomes significant, the polypeptide chain is 
generally hydrolyzed to yield the substituent amino acids. For 
example, the standard method for determining the amino acid 
4,S 
composition of proteins or peptides is to heat them at 105"C for 
about 24 hours in 6 M HCI. Other chemical alterations of the 
peptide chain require either drastic conditions or the relatively 
close proximity of certain reactive groups attached to the amino 
acid side chains, which may be used profitably for selective 
cleavage of the polypeptide chain at certain amino acid residues 
(see later section, Fragmentation of a Protein into Peptides). 
Amino Acid Side Chains 
The 20 different amino acid side chains possess a variety of 
chemical properties which, when combined on a single molecule, 
give a protein properties far beyond those possible with organic 
molecules. This chemical diversity is vital for the unique functions 
of biological proteins. As will become apparent, the chemical 
properties of the whole protein are far greater than the sum of its 
constituent amino acids, but the intrinsic chemical properties of 
these 20 different side chains are important as a starting point for 
considering their roles in proteins. 
Some pertinent chemical and physical properties of the 20 
amino acid residues are summarized in Table 1.1. Each of the side 
chains will discussed briefly, describing their normal chemical 
properties. However, specific residues in folded proteins may have 
very different properties as will be discussed. 
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The reactions by which the various side chains can be 
modified will be those that are moderately selective and specific, 
so that they may be used on proteins and peptides. 
Table 1-1 Properties of Amino Acid Residues 
One 
letter 
Abbrev-
iation 
Ala A 
Arg R 
Asn N 
Asp D 
Cvs C 
Gin Q 
Gul E 
Gly G 
His H 
He I 
Lou L 
Lys K 
Met m 
Phe F 
Pro P 
Ser S 
Thr T 
Trp W 
Tvr Y 
Val V 
Mass" 
(daltons) 
71.08 
156.20 
114.11 
115.09 
103.14 
128.14 
129.12 
57.06 
137.15 
113.17 
113.17 
128.18 
131.21 
147.18 
97.12 
87.08 
101.11 
186.21 
163.18 
99.14 
Volume'' 
(A^) 
88.6 
173.4 
117.7 
111.1 
108.5 
143.9 
138.4 
60.1 
153.2 
166.7 
166.7 
168.6 
162.9 
189.9 
122.7 
89.0 
116.1 
227.8 
193.6 
140.0 
Accessible 
surface 
Area' (A^) 
115 
225 
160 
150 
135 
180 
190 
75 
195 
175 
170 
200 
185 
210 
145 
115 
140 
255 
230 
155 
Partial 
Specific 
Volume'" 
(ml/gm) 
0.748 
0.666 
0.619 
0.579 
0.631 
0.674 
0.643 
0.632 
0.670 
0.884 
0.884 
0.789 
0.745 
0.745 
7.74 
0.758 
0.613 
0.734 
0.712 
0.847 
u- Ammo 
a- Carbo\%l 
PK. 
of loni/.in^ 
side Chain" 
- 1 2 
4 5 
9.1 to 9.5 
4.6 
6,2 
10.4 
9.7 
6.8 to 7.9 
3 5 to 4.3 
Occurrence 
in Protcins*^ 
(%) 
9 0 
4 7 
4 4 
5.5 
2 8 
3 9 
6 2 
7 5 
2 i 
4.6 
7 5 
7 0 
1 7 
3 5 
4.6 
7,1 
6 0 
1 1 
3 5 
6 <) 
" Molecular weight of amino acid minus that of water. Values from Handbook of 
Chemistry and Physics, 43"' ed. Cleveland. Chemical Rubber Publishing Co . 1961 
''Values from A.A. Zamyatnin. Prog. Biophys. Mol. Biol, 24:107-123. 1972 
Estimated from the pKa values of small model compounds, from C Tanford. Ad\ 
Protein Chcm. 17:69-165,1962. 
' Frequency of each amino acid residue in the priinar\ structures of 207 unrelated 
proteins of known sequence. Values from M H Klappcr. Biochcm Bioph\s Res 
Commun 781018-1024.1977 
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Regular Conformations of Polypeptides 
The random coil might be considered the natural state of a 
polymer, farvored by its conformational entropy and interactions 
with the solvent. However, other conformations will be adopted if 
sufficient interactions are possible, within or between molecules. 
Many synthetic polyamino acids, where one or a few amino acids 
are polymerized in a regular sequence, have been found to adopt a 
few such regular conformations that are also found in natural 
proteins. The regularity of the conformations is result of regularity 
of the primary structure. Each residue, or short sequence of 
residues that makes up the repetitive unit, will tend to adopt the 
same conformation; therefore, it may be specified by just a few 
dihedral angles. The polypeptide chain then will have some form 
of a helical conformation, which will be characterized by the 
number of residues per turn of helix and by the distance traversed 
along the helix axis per residue. 
The a-Hel ix 
The right-handed a helix in the most well-known and 
prominent of the polypeptide regular structures. It has 3.6 residues 
per turn and a translation per residue of 1.50 A, or 5.41 A per 
turn. The torsion angle ^ and v|; are favorable for most residues, 
and the atoms of the backbone pack closely, making very 
favorable van der Waals contracts. Most conspicuously, the 
backbone carbonyl oxygen of each residue hydrogen bonds to the 
backbone NH of the fourth residue along the chain. These 
hydrogen bonds are 2.86 A long from the O atom to the N atom 
and are very nearly straight, close to the optimal geometry for 
such an interaction, and are nearly parallel to the helix axis. All 
the hydrogen bonds point in the same direction, so the dipoles of 
the peptide bonds probably interact favorably head to tail. 
Consequently, an a helix has a considerably dipole moment, since 
the partial charges at the ends are separated in space. 
The side chains project out from the helix and do not 
interfere with it, except in the bulkiest examples. Only pio 
residues are incompatible with this conformation, because the side 
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chain is bonded to the backbone N atom, preventing its 
participation in hydrogen bonding and interfering in the packing. 
The stereochemical properties of the a-helix are so favorable that 
it is often considered the most natural conformation for a 
polypeptide. However, we will see that a-helix are only 
marginally stable in solution and that amino acids differ in their 
propensity to adopt this conformation. 
A left-handed a-helix is also sterically possible, with the 
same values of ^ and v|/ but of opposite sign. However, such a 
conformation is not favorable energetically, as the side chains are 
in close contact with the backbone, and it is generally not 
observed. 
P-Sheets 
In the P-sheet conformation, the polypeptide chain is nearly 
fully extended, and individual strands aggregate side by side, 
forming hydrogen bonds between the carbonyl and NH groups of 
the backbone. In addition to the hydrogen bonds, the dipoles of the 
peptide bonds alternate along the chain, providing favorable 
conditions for interaction. The adjacent strands may be either 
parallel or antiparallel; the two forms differ slightly in dihedral 
angles, but both are sterically favorable. Synthetic polymers 
generally adopt either one or the other orientation, but mixed 
sheets with both parallel and antiparallel strands are found in 
proteins; the middle strand then takes on an intermediate 
conformation. 
The extended strands of planar p-sheets do not appear to be 
helical, but they may be considered a rather special helix with 2.0 
residues per turn and a translation of 3.2 or 3.4 A per residue. 
Most sheets that have been observed in detail are not planar but 
have a twisted conformation. The values of ^ and VJ; are both 
somewhat more positive in value than those given in and 
presumably are somewhat favored energetically, to give a right-
handed twist to the backbone. 
The extended conformation of the polypeptide chain results 
in the side chains protruding on alternating sides of the sheet. 
Most amino acids are stereochemically compatible with the (3-
sheet conformation, except for proline, which has no NH group to 
participate in hydrogen bonding and cannot adopt the appropriate 
value of (j). 
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P-Sheets may involve aggregation of different molecules, oi 
the polypeptide chain may loop back on itself to form an 
intramolecular sheet, known as the cross-P conformation 
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Other Regular Conformation (Helices) 
Other regular conformations have been proposed foi 
polypeptide chains; many have not been observed in proteins and 
are seen only with certain polypeptides ins special instances 
Variations of the a-helix in which the chain is either more 
tightly or more loosely coiled, so that hydrogen bonds between 
corresponding groups are closer or further apart in the primary 
structure by one residue, are designated the 3io helix or n helix, 
respectively. The packing of the backbone atoms is too tight in the 
310 helix; it has not been observed as a regular structure but occurs 
only at the ends of a-helices, where one turn may have this 
conformation locally. The n helix would have a hole down the 
middle, so the backbone atoms would not be in contact and the 
values of <|> and v|/ are rather unfavorable. This helix has never 
been observed, nor have the more extreme helical variants that 
could be imagined. 
Proline residues are incompatible with both a-helix and 3-
sheet conformations, so it is not surprising that poly (Pro) forms 
other regular conformations, known as poly (Pro) I and 11. Form 1 
contains all cis peptide bonds, whereas 11 has trans; Proline is the 
only amino acid where the cis form is generally significant. The 
former is a right-handed helix with 3.3 residues per turn, whereas 
the latter is a left-handed helix with 3.0 residues per turn (Figure 
5-7). Which form is adopted depends primarily on the solvent: 
From 11 predominates in water; it is encountered only locally in 
proteins when there are sequential Proline residues, except for 
collagen and some related structure. 
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Glycine residues also have unique conformational flexibility 
and poly (Gly) likewise forms two regular conformations, 
designated I and II. The former has a p-sheet conformation, the 
latter is a threefold helix quite like that of poly (Pro) 11. 
The General Properties of Protein Structure 
It has become customary to discuss protein structure in terms 
of four levels. The primary structure is the amino acid sequence, 
which has been described. Secondary structure is any regular local 
structure of a linear segment of polypeptide chain, such as a helix 
or and extended strand, like those observed in polypeptides of 
regular primary structure. Tertiary structure is the ovetall 
topology of the folded polypeptide chain; quaternary structure is 
the aggregation of the polypeptides by specific interactions in 
some respects, a crystal lattice is an extreme example of 
quaternary structure, since it is built up by interactions between 
protein molecules. Fortunately, protein crystals generally contain 
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40 to 60 per cent solvent, and the crystal lattice interactions are 
not very strong; consequently, the lattice contacts served not to be 
substantial, and often involve fixed solvent molecules, when the 
protein molecules are known not to interact significantly in 
solution. Where there are more extensive interactions directly 
between protein molecules, correspondingly greater interactions 
are generally observed in solution, ranging from weak, reversible 
interactions to essentially irreversible aggregation. In the latter 
cases, association of two or more polypeptide chains may be so 
intimate that the quaternary structure is an integral part of the 
tertiary structure. Consequently, the crystal structure of a protein 
gives information about all four levels of protein structure, 
although independent knowledge of the primary structure is 
generally required and interactions between protein molecules 
must be measured quantitatively in solution. Of course, all the 
levels of protein structure are related, but the division into the 
four levels is generally worthwhile. 
The most striking feature of the folded conformation of a 
protein as determined by x-ray diffraction analysis is its 
complexity. This often makes it difficult to comprehend a 
structure and to communicate it to the reader through three-
dimensional media. Simplified representations are often useful for 
concentrating on the gross or regular features of a structure, but 
5S 
there is no substitute for examination of a detailed three-
dimensional model. Better still is to construct such a model; 
especially recommended are the Nicholsom model components 
supplied by Lapquip. 
Illustration and perception of protein structure is easier with 
small proteins, so many of the general properties of proteins are 
illustrated here with one of the smallest and protein structures 
determined, that of bovine pancreatic trypsin inhibitor, generally 
abbreviated as BPTI. It consists of only 58 amino acid residues, 
and its three-dimensional structure has been determined to very 
high resolution and accuracy by Huber and his colleagues, 
although more accurate structures have emerged subsequently. The 
amino acid sequence of this protein and the values of the dihedral 
angles of the backbone and side chains in the crystal structure are 
given in table 6-3; this information is sufficient to define fully the 
folded conformation of the polypeptide chain, assuming standard 
geometry of bond lengths and angles. Its small size is illustrated 
in figure 6-8 by a comparison of its model with that on the same 
scale of an immunoglobulin Fab fragment; the latter is only about 
one third of an antibody molecule. In spite of its small size, the 
complexity of BPTI is apparent from more detailed photographs of 
the models. 
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Although protein structures are extremely divers in their 
molecular architecture, they have some common properties. It 
must be emphasized that these general properties present a 
"consensus picture" of a protein structure. Derived from the 
proteins of known structure in table 6-1, to which there are many 
exceptions. The common properties illustrate the general rules of 
protein architecture, but each protein is unique and generally 
attains its functional properties by incorporation of specific 
exceptions to these generalities. 
The Tertiary Structure 
The overall folded structures of small proteins are generally 
roughly spherical in overall shape, but with a very irregular 
surface, and remarkably shaped, with maximum dimensions of 
about 19 X 29 A. Yet the fully extended polypeptide chain of 58 
residues would be 211 A long, and the radius of gyration of the 
random polypeptide chain, by is about 35 A. 
However, where a protein consists of more than about 200 
residues, the structure usually appears to consist of two or three 
rather spherical structural units, generally referred to as domains. 
The individual domains are associated, but they interact less 
extensively than do portions within the domains. Often there is a 
single segment of polypeptide chain linking domains, so that each 
domain consists of a single stretch of polypeptide chain, I'liis 
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segregation of domains along the chain is not always the case; in 
phosphofructokinase, pyruvate kinase, and arabinose-binding 
protein, for example, there are two or three connections. In some 
cases, the ends of the polypeptide chain interact with the other 
domain, appearing to serve as straps holding the domains together. 
The definition of a domain is not rigorous; in fact, the 
division of a structure into domains is a very subjective process, 
which often is done in very different ways by different authors. 
Other terras and subdivisions, such as sub-domain and folding 
unit, are also often encountered in the presences of domains is 
clear to all observers-for example, the immunoglobulins, where the 
heavy chain is composed of four domains and the light chain two. 
Within a domain, the course of the polypeptide backbone is 
rather irregular, but it generally pursues a moderately straight 
course across the entire domain and then turns and continues in a 
more-or-less direct path to the other side. The impression is of 
segments of somewhat stiff polypeptide chain interspersed with 
relatively tight turns of bends, which are almost always on the 
surface of the protein. This is illustrated by the backbone topology 
of BPTI depicted in figure, in that there are four moderately 
straight portions of polypeptide, which turns of end at the top or 
bottom of the pear-shaped molecule. This general type of structure 
has been compared to the behaviour of a fire hose. It may be 
contrasted with other possible limiting situations: one more 
irregular, such as that obtained upon collapsing a flexible string, 
and the other more curved, illustrated by a ball of string. 
The polypeptide backbone has never been observed to form a 
well-defined knot; that is, if the polypeptide chain were grasped at 
each and pulled out straight, a linear chain would always result. 
This restriction on topology probably arises from the process by 
which the linear unfolded polypeptide chain attains the folded 
conformation. One apparent exception occurs in carbonic 
anhydrase; as shown in figure, the lower ends of the chain are 
somewhat entwined, so that if they were pulled towards the top 
and bottom, a knot would result. This exception is probably 
possible because only the very ends of the polypeptide chain are 
involved; one end of the chain might be tucked into the knotted 
topology at a very late stage of folding. 
Knotted topologies would be more likely on a random basis 
if disfulfied bonds are considered as part of the topology; yet such 
knots have not been observed. The most irregular topologies 
observed are too instances of "threaded" disulfied loops: one in 
BPTI, the other in carboxypeptidase A. The topology in BPTl 
approximates a "slip-knot, ' in that the amino-terminal portion of 
the polypeptide chain passes through the covalent loop defined by 
the disulfide bond, and the intervening peptide chain, between 
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cysteines 30 and 51. This topology could be imagined to be "un-
threaded" by pulling the amino-terminal potion of the polypeptide 
chain (at about residue 15) away from the covalent loop, which 
would pull the threaded portion of the polypeptide chain through 
the loop and rotate the 30-51 disulfide bond. 
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Rotations about the individual bonds of both the backbone 
and the side chain are generally unit. Consequently, the peptide 
bonds of the backbone isolated structural unit. Consequently, the 
peptide bonds of the backbone are nearly always planar and are the 
trans isomer (co = 180") unless the next residue is Proline when cis 
peptide bonds (co =0) are expected, and are found much more 
frequently. Only four examples of cis peptide bonds not involving 
Proline residues have been reported reliably, three in 
carboxypeptidase A and one in dihydrofolate reductase; other may 
have been overlooked, however, owing to general expectation of 
the Trans form. Cis peptide bonds adjacent to proline residues 
appear to be incorporated primarily at tight bends of the 
polypeptide backbone. 
The dihedral angles ^ and \\i of the polypeptide backbone 
also generally lie within the limits deducted for the isolated 
peptide unit, as is illustrated for BPTl in figure. Similarly, 
rotations about the bonds of the side chains are generally close to 
one of the three configurations in which the adjacent atoms are 
staggered, with that giving the greatest separation of the bulkiest 
groups favored. Unfavorable stereochemistry appears to be used in 
proteins only when required for their functional properties. 
Many proteins also contain various ligands: prosthetic 
groups, coenzymes, metals, and so forth. 
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Secondary Structure 
The extended segments of the polypeptide chain very often 
have rather regular conformations like those observed in model 
polypeptides. Most prominent are the right-handed a-helices and 
the P-strands, which generally associate side by side into parallel 
or anti parallel P-sheets. Approximately 31 per cent of the 
residues in known proteins occur in a-helices; 28 per cent, in P-
structures. 
Other regular conformations are much less frequent. A poly 
(Pro) helix is generally observed with only a few residues 
including two or more proline residues, as with residues 7 to 10 of 
BPTI, where residues 8 and 9 are Pro. A short segment of a left-
handed, collagen-like helix, with Pro as very third residue, is 
found in cytochrome c551. Short three-stranded, keratin-like 
coiled coils are found in Southern bean virus and in the 
hemagglutinin of influenza virus. 
Regular secondary of a-helices and p-sheets are generally 
rather short, being limited to the diameter of the protein globule. 
The length of an a-helix is generally 10 to 15 residues, while that 
of a p-strand is 3 to 10 residues, consequently, it is often difficult 
to define exactly which residues are part of the secondary 
structure. For example, at both ends of an ideal a-helix there are 
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four residues that participate in only one hydrogen bond each 
within the helix, whereas all other interior residues participate in 
two. Moreover, the ends are often irregular in for information. 
Which residues should be counted as part of the helix, therefore, is 
often not clear. Crystallographers have used various criteria for 
defining secondary structure, thereby producing variable 
assignments, depending upon whether hydrogen bonding, 
conformational angles <|) and VJ;, or distances between C" atoms are 
used. 
Secondary structure in proteins is generally somewhat 
distorted. In a-helices, the plane of the peptide bond is often 
rotated so that the carbonyl group is pointing outward form the 
helix axis. The single a-helix of BPTl is rather regular and 
consists of about three turns, involving residues 47 to 56. 
P-Sheets are generally twisted, rather than planar, with a 
right-handed twist of form 0" to 30'' between strands. The 
conformational parameters can also deviate considerably from 
ideality. For example, in the rather distorted antiparallel b-sheet 
of BPTI, comprising residues 17 to 24 and 29 to 35, the mean 
value of (|) is -114", with a standard deviation of 240, and that of v|; 
is 139" + 26". The standard values for a planar sheet should be (j) = 
= 139" and \|/ = 135o, whereas somewhat more positive values of 
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both are generally observed with twisted sheets. Further 
distortions occur in b-sheets consisting of both parallel and 
antiparallel strands, since the ideal backbone conformations for 
the two differ. An extra residue is often present in a strand at the 
edge of a sheet, interrupting the hydrogen bond pattern and 
producing a "P-bulge." 
p-Sheets can consist entirely of parallel or antiparallel 
strands or can have a mixture of the two. Purely parallel sheets are 
least frequent; purely antiparallel sheets are most common. 
Antiparallel sheets often consist of just two or three strands, 
whereas parallel sheets always have at least 4 and may have up to 
8. Mixed sheets may consist of 3 to 15 strands. Purely around to 
close up the sheet into a continuous "b-barrel," although they are 
probably described more accurately as two b-sheets packed against 
each other. Most individual b-strands consist of 3 to 10 residues, 
with the average length being 6.5. 
The strands adjacent in a sheet tend to consist of segments 
that are adjacent in the primary structure. This correlation is 
greatest for antiparallel strands and least for parallel strands. 
Secondary structure is most apparent in the larger proteins. 
where most of the interior is composed of such regular structure. 
At least one important property of secondary structure is that it 
provides an efficient way of pairing in hydrogen bonds the internal 
polar groups of the polypeptide backbone; such pairing is a 
prerequisite for stability of the folded conformation. Since regular 
hydrogen bonding is a major characteristic of secondary structure, 
it is usually conspicuous in diagrams of hydrogen bonds in 
proteins, as illustrated in figure for BPTl. 
The secondary structure is usually indicated schematically in 
simplified depictions of protein folded conformations. Helices are 
often indicated by cylinders of coiled ribbons, and extended 
strands of b-sheets by broad arrows, indicating the amino-to-
carboxyl polarity of the polypeptide backbone. 
Two-dimensional plots of the distance between the C"^  atoms 
of residues /' and j are very useful descriptions of both the 
secondary structure and the overall folding of the polypeptide 
chain, especially for comparing different proteins. In such plots, 
called contact or distance maps, the distances between all pairs of 
Carbon atoms in the protein, in order of the amino acid sequence, 
are represented as contours, or else only those within a certain 
distance, usually 10 A, are marked. The contact map for BPTl is 
illustrated in figure. 
In such distance plots, a-helices are evident by a greater 
spread of close contacts along the diagonal, i.e., between residues 
nearby in the amino acid sequence, since C", is in close proximity 
to C—fa, ci-3a, ci+3a, and Ci+4a, where the subscript is the 
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number of the residue in tiie polypeptide chain. Within a parallel 
b-sheet, in which the first two residues of two adjacent extended 
strands are 1 and j , Cia, Ci+la is adjacent to Cj+ia, and so on; this 
gives rise to a series of close contacts on a adjacent line parallel 
to the main diagonal, but offset from it by (I-j) residues. With two 
strands of antiparallel b-sheet, where residues 1 and j are 
respectively the first and last residues hydrogen-bonded, Cia is 
next to Cja, Ci+la is next to Cj-la, and so forth. This gives rise to 
a series of contacts that define a diagonal line perpendicular to the 
main diagonal. In the distance plot for BPTl, the antiparallel b-
sheet between residues 18 and 35 is a apparent by the strong 
diagonal near the middle of the diagram perpendicular to the main 
diagonal. The a-helix at the carboxyl end of the chain is also 
apparent from the broadening of the main diagonal in the lower 
right-hand corner. Structural domains segregated along the 
polypeptide backbone are often apparent as segregated areas of 
contacts on the distance plots (see figure 6-29 for the two-domain 
proteins chymotrypsin and elastase). 
(.9 
On the basis of their secondary structure, protein structuies 
have been classified into four classes: (a), having only a-helices, 
(b), with primarily b-sheet structure, (a+b), having both helices 
and sheets but in separate parts of the structure, and (a/b), wheie 
both helices and sheets interact and often alternate along the 
polypeptide chain In (a) proteins, about 60 pet cent of the 
residues are in helices, these helices aie usually in contact in (P) 
proteins, there are always tow p-sheets, usually antipaiallel. that 
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pack against each other; p-barrels, the tow sheets are joined to 
give a continuos cylindrical sheet. In the (a+P) proteins, there 
may be a single P-sheet, usually antiparallel; the helices often 
cluster together at one or both ends of the P-sheet. The (a /p ) 
proteins have one major P-sheet of primarily parallel strands; a 
helix usually occurs in each of the segments of polypeptide chain 
connecting the p-strands, probably owing to the necessarily long 
lengths of these connections. The helices pack on both sides of the 
sheet. 
Many studies have been made of the occurrence of the 20 
amino acids in the various structural. There are small, but 
significant, differences for virtually all the amino acids, as shown 
by the most extensive compilation. Only Arg shows no tendency to 
occur preferentially in any particular secondary structure. Amino 
acids with a branched or bulky side chain (Val, lie, and Thr) or an 
aromatic ring (Phe, Tyr, and Trp) occur most frequently in b-
sheets. All the rest occur most often in a-helices, except for those 
with short polar (Ser, Asp, and Asn) or special side chains (Gly 
and pro) which occur most often in reverse turns. 
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As we know that the primary sources of information are the 
first published records of original research and developments or 
description of new application or new interpretation of an old 
theme or idea and also these are unorganized sources, which are 
rather difficult to use by the users. Thus there is need to recognize 
the information contained in the primary source. Secondary source 
of information are those which are either complied from or refer to 
primary sources of information. These contain the original 
information having been usually modified selected or recognized 
so as the serve a definite purpose to a group of readers. Secondary 
sources contain organized repackaged knowledge rather than new 
knowledge. Due to their very helpful nature secondary sources are 
more easily and widely available than primary sources. Very 
interesting primary sources appear first but followed the secondary 
sources, because in this age of science and technology and the 
explosive nature of literature, it is very typical task to access the 
information contained in the primary sources. Therefore for the 
purpose of prompt accessibility, the secondary sources are 
important and said to be the base of reference service or 
information services. Therefore one should consult the secondary 
sources in the first instance, which will lead to the specific 
primary source. 
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Types of Secondary Sources 
The secondary sources may be grouped into three types: 
i. Bibliographic Sources 
ii. Survey Sources and 
iii. Reference Sources 
i. Bibliographic Sources 
Document, which comprise the information of published 
material in helpful order to the user by which they could know the 
existence of the primary source. These sources provide 
bibliographic information of a document and sometimes this 
information is provided with information of the content of 
document. This type of sources may be categorized into three 
categories. 
1. Indexing serial 
2. Abstracting serial 
3. Current awareness serials 
ii. Survey Sources 
These sources comprise of information of the survey of the 
primary literature on a particular topic. Because it is the study of 
the primary sources thus called secondary sources and include 
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'reviews' 'treatise' and 'monographs', 'state of the art' trend 
reports are also included in this category. 
in. Reference Sources 
These sources are prepared for the helpfulness of the users 
and due to the technique of helpful arrangement, these are widely 
used for reference purpose. These sources generally include: 
Dictionaries 
Bibliographies 
Treatises 
Monographs 
Textbooks 
Reviews (survey types) 
Tables 
Encyclopaedias 
Formularies 
Periodicals 
Indexes 
Indexing periodicals 
Abstracting periodicals 
Manuals 
Translation 
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Chemical abstract is the secondary source. Chemical abstract 
is the most complete guide to the chemical literature of the world 
referencing more than 15 million documents since it was first 
published in 1907 by the American chemical society, USA 
chemical abstract is the source of references. The completeness 
means you can search chemical abstract with confidence, knowing 
that you won't miss essential chemical information. The answer to 
almost any question pertaining to chemistry can be found through 
chemical abstract. Chemical abstract contains English-language 
abstracts and indexes to the vast literature of chemistry and 
chemical engineering. By defining chemistry broadly chemical 
abstract also covers aspects of many other related scientific 
disciplines such as biology, clinical medicine, physics, geology, 
engineering and more. 
Each weekly issue of chemical abstract contain two parts: 
i. Biochemistry (section 1-20) 
ii. Organic chemistry (21-34) 
iii. Macromolecular chemistry (35-42) 
iv. Applied chemistry and chemical Engineering (47-64) 
V. Physical, Inorganic and Analytical chemistry (65-80) 
^J'^CC. Vo.. ^7*^ 
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Out of 80 sections most of them are available in computer 
readable form. There are two ways to search CA (chemical 
abstracts. 
i. Consult the weekly issues for current awareness searching. 
ii. Consult the volume or collective indexes for retrospective 
searching. 
i. Chemical Abstract Weekly Issue 
Each week, chemical abstract carries approximately 10,000 
abstracts of the newest finding in chemistry and chemical 
engineering reported in scientific and technical literature 
worldwide. 
Sections 1 through 34 are published one week; section 35, 
through 80 the following week. Cross-references for abstracts are 
provided at the end of each section. These cross references 
indicates abstracts whose diverse subject content might have 
permitted placement in any one of several sections. 
Sequential numbers are assigned to from the beginning of 
each six-month volume period. These number are preceded by the 
volume number. Each abstract is accompanied by a bibliographic 
heading that completely identifies the original document. 
Accompanying CA weekly collections of abstract there are 
three indexes. 
a. An indexes of authors or inventor's name 
b. An indexes of key word phrase chosen from the abstract text 
and document title. 
c. An index of patent numbers. 
ii. Chemical Abstract Volume Indexes for Retrospect ive 
Searching 
The set of volume indexes include: 
i. General subject index 
ii. Chemical substance index 
iii. Formula index 
iv. Index of ring system 
V. Author index 
vi. Patent index 
General Subject Index: Subject terms referring to reactions, 
processes and equipment, classes of substances and plant and 
animal specials should be searched in the general subject index 
Each index entry is linked to an abstract number consisting of one 
to six digit followed by an alphabetic character The small lettei at 
the end is intended for computer verification only to ensure that 
the abstract number has been recorded properly The capital lettei 
B, P and R before the numbers tell you that the original document 
is a book, a patent or a review article respectively. General subject 
index is alphabetical. 
Chemical Substance Index: The index guide will provide you 
with a systematic chemical abstract index which gives many 
common and trade name of chemical substance, the index name 
identifies a specific chemical substance and can be scanned in the 
chemical substance index, which is ordered alphabetically by 
index name. 
Formula Index: When you know the molecular formula for a 
substance of interest, you can consult the formula index directly. 
This volume index provides CA indexes name CAS registry 
numbers and abstract numbers for chemical substance by 
molecular formula. 
Index of Ring System: If we know the configuration of you 
substance of interest you could also begin your research with a 
ring index. Each set of volume indexes provides you with an index 
of ring system that orders substances on the basis of analysis of 
the constituent ring. Performing a ring analysis requires only that 
three pieces of information be noted and listed in order; the 
number of component rings, the sizes of component ring and the 
elemental composition of the component ring. A separate 
complementary publication the ring systems handbook includes all 
ring system encountered by CAS. It contain structure drawing of 
all ring system and cyclic natural product used as parent heading 
in deriving CA index name. 
Author Index: The issue and volume indexes link names of 
authors, co-authors, inventors and assignees to the abstract 
numbers of document that they have produced. These indexes 
include corporate as well as personal author name. 
Patent Index: The general subject index, chemical substance and 
author indexes can lead you to abstract of patent about particular 
subject or sustains or by known inventors. Additional routes to 
patent information are available when the patent number is known. 
These are provided by the patent indexes, both weekly and 
volume, which began publication in January 1981. 
Index Guide: The index guide is an indispensable aid when reach 
is made through chemical substance and the general subject 
volume indexes. It provides links for various names of chemical 
substances and general subject terms are favoured by scientists 
and engineers in the field of chemistry and chemical engineering 
to controlled terminology of the volume indexes. 
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BIBLIOMETRICS 
Bibliometric is composed of two distinct parts i.e. Biblio and 
Metrics. The prefix biblion is a Latter Greek word meaning books and 
metrikos means measurement. So bibliometrics connotes the science 
of measurement pertaining to books or documents. 
' Bibliometrics' is retalively a subject of recent origin, it is that 
branch of information science which lies between the border areas of 
the social and physical sciences. 
Bibliometrics is now being vigorously pursued and with result it has 
been found that one-fourth of all the articles published in Library and 
information science periodicals are on bibliometrics and its related 
topics. 
It is a quantitative study of various aspects of litereture on topics 
and is used to identity the patterns of publication authorship, citations 
and /"or secondary journal coverage with the objective of gething on 
insight into the dynamics of the growth of knowledge in li>c areas uiulcr 
consideration. 
Bibliometrics today has attained sophistication and complexity 
having national, international and interdisciplinary character. 
Pritchard and witting compiled a bibliography on the subject 
comprising 600 entries covering the period 1874 to 1959 which 
incidently rose to 2032 entries in 1980 as per compilation of Hjreppe. 
In 1982 Hjreppe again published a supplement to his 1980 bibliography 
covering 518 items of information. 
The techniques of bibliometrics are simple to complex in nature 
and are not always free from controversy. The basic units of 
bibliometrics are all facets of written communications, such as primary 
and secondary periodicals, articles and abstracts published in them, 
bibliographies articles books, monographs and other media of 
communications. * 
Origin:- BibliometriQS was first coined by Pritchard in 1969, its usage 
and practice can be tracted back to the second decade of this century. 
Cole and Eale's study on the " History of comparative Anatomy 
part 1: A statistical Analysis" is considered to be the first bibliometric 
study.Where for the first time in 1917, the expression' Statistical 
Analysis has been used in the literature. 
Hulme was the first to use the expressions ' Statistical 
bibliography in 1923 and later it was used by many others. Gross and 
Gross's study is considered to be the third study in the field based on 
citations. After Hulme, the term statistical bibliography was used by 
Henkle in 1938 in his article " The periodical literature of 
Biochemistry" and Gosnell in his dissertation in 1943 and later in his 
article of 1984.Later Fusseler in 1948 and 1949 Raising in 1962. 
Barker in 1966 and Pritchard in 1968 and 1969 have used the term 
'Statistical Bibliography' in their work. The historical development of 
the term statistical bibliography has been traced by witting in a foot 
note. As the term was considered" very clumsy, not very descriptive, 
and can be confused with statistics itself or bibliograpies on statistics. 
Derek de Sella Price published some of the first observations of 
exponential rate of growth in the number of scientific journals. More 
recently in 1971 Goffman developed the Epidemic Theory for the 
growth rate of specific scientific area of activity, Vickery, . Clark and 
others have also illustrated a recent applications of this type of 
analysis. 
Other Analogus Term:- Bibliometric is just one of the many sciences 
whose name ends with " matrics". Many scientists have used the term 
under different names but the concepts were more or less supplementary 
and complementary to each other with some broader and narrower 
extension of human ideas. 
One name that was used quite early but very scarcely was 
statistical analysis of the Uteratine by Cole, and Eales in 1917. While 
Hulme used the term as 'Statistical Bibliography' in 1923. 
Librametrics:- In 1958 Great Indian library Scientist S.R.Ranga nathan 
it is necessary for librarians to develop ' Librametry' under this term 
he suggested using of mathematical and statistical methods for analysis 
library activities and library resources. But this term did not take its 
place in library science and was forgotten for many years. Later. It 
was called ' Librarmatrics'. 
Scientometrics:- In 1969. Another term' Scientometrics' was given by 
V.Nalimov& Z . Mulchenko in their book. " Scientometrics: the 
investigation of science as According to their Scientiometrics is a 
complex of quantitative methods which are used to investigate the 
processes of spience. 
Scientometrics is a new emerging disc ip l ine which uses 
biblometric measurement for evaluations of factors like scientific 
progress, levels of scientific development, social relevance and impact 
of the application of science and technology on society. 
Informatics:- The term informatics given by German scientists A. 
Blackert and S .Zygel in 1982 as a newly formed branch of Science 
using mathematical and statistical method to investigate scientific and 
technical information on theoretical level and practical information 
activities. T.N. Rajan given a " informetric is a field which beings 
into forces the concept of 'organised complexity' of the into society. 
Morales describes information as " a kind of scientific information 
activity, at the same time a component part of information science and 
its studies various metric aspects of its study object in order to increase 
he information activity efficiency of information establishment". 
International Federation of Documentation's (FID) Committee for 
informatics was constituted in 1980. 
DEFINITION:- Many attempts have been made to define the term 
According to bibliometrics. 
1] Alan Pritcard :- (1969) " The applications of mathematics and 
statistical methods to book and other media of communications". 
2] Raising :- (1962) " The assembling and intepretation of statistics 
relating to books behaviour pertaining to it". 
3] Fairtharne;-" The quantitative treatment of properties of recorded 
discourse and behaviour pertaining to it ". 
4] British Standards institutions :- Define. " The use of document 
and patherns of publication in which mathematical and statistical 
methods have been applied." This is basically similar to . Pritchards 
original definition. 
5] Hawkins;- (1977) in his on-line bibliometric study interpreted 
Bibliometric as " quantitative analysis of the bibliographic feature of 
a body of literature". 
5] Nicholas and Ritchie .- Define " Bibliometrics ...provides 
information about the structure of knowledge and how it is 
communicated They further added that " Bibliometric studies fall 
mainly into two broad categories- those describing the characteristics 
or feature of a literature (descriptive studies) and those examining 
the relationship formed between components of literature (behavioural 
studies)". 
7] Potter:- Defined Bibliometrics i s " The study and measurement of 
the publication patterns of all forms of written communication and 
their authorship". 
8] Schrader :- " The scientific study of recorded discourse". 
9] Sen gupta:- "Organisation classification and quantitative 
evaluation of publication patterns of all macro and micro 
communications along with their authorships by mathematical and 
statistical calculus". 
PURPOSE AND SCOPE;-Bibliometric studies are generally based 
on quantitative measurement with out any quantitative evaluation. 
Hulme the pioneer of the study of 'statistical bibliography' clearly 
stated the purpose of bibliometrics as " To Shed light on the processes 
of written communication and of the nature and course of development 
of a discipline. 
It provides information about the structure of knowledge and how 
it is communicated. The scope of bibliometrics includes studying the 
relationsship with in a leterature (citation studies) or describing a 
literature Typically, these, descriptions focus on consistent palters 
involving authors, monographs journals or subject/ language. 
It is a quantitative science and it is divided into two basic categaries. 
(i) Descriptive bibliometrics (productivity count) 
(a) Geographic 
(b) Time period and 
(c) Disciplines. 
(ii) Evaluative bibliometrics (literature usage out) 
(a) Reference count and 
(b) Citation count 
The desciptive bibliometrics further includes ' the study of the number 
of publications in a given field or productivity of literature in the field 
for the purpose of comparing the amount of production during different 
periods or the amount produced in different subdivision of the field. 
Indian Contribution to the development of Bibliometrics;-
In terms of growth of this subject, India has made many attempts 
an can find a place as an important contributor among the world's 
prominent bibliometrically advanced countries U.S, U.K. Canada and 
others. 
India has to being with a FID committee on informations, 
established in Delhi, around 1985, which also promotes bibliometric. 
Many books have appeared dealing with bibliometrics, including those 
by 1. N. Sengupta, I.K. Ravichandra Rao, B.M Gupta, S. Subba Rao, 
Mohammed, Taher, ets. There are at least dozens of Indian scholars 
who have published their contributes in Indian and international sources 
to the name of a few B. Maheshwarappa, B, Guha R. Shalini Urs, B. K. 
Sen. 
Laws of Bibliometric :-
The three fundamental laws which laid the formation of bibliometrics 
are: 
1. Bradford's law of Scattering of Scientific Papers. 
2. Lotka's Inverse square law of Scientific productivity. 
3. Zipfs's law of word occurrence 
Some of the other emprical laws are: 
(i) price's Square Root Law of Scientific Productivity;-
This law states that" half of the scientific papers are contributed 
by the square root of the total number of scientific authors. In other 
words, N"^ sources yield a fraction 1/2 of the items. This phenomenon 
is associated with the occurrence of invisible colleges. This law is 
sometimes called ' Rousseau's lae' since Jean Jacques Roussean |iad 
mentioned the same thing quite clearly in his 'Social Contract' about 
the size of the elite, i.e. those participating in the government. Egghe 
and Roussean argue that Price's law is not generally valid. This can 
also be treated as an extension of the success-breeds-success principle 
originally developed by Simon in 1955. 
(ii) Garfield's Law of Concentrationt-
Garfield talked about the number of journals involved in publishing 
the literature of a single field^'. He did not say anything about how 
much the journal in one field might overlap with other fields. In fact 
there is a significant degree of overlap. Several studies have shown 
that relatively few journals are involved in the publishing of an 
overwhelming majority of the material in a subject. A study of the 
Science citation Index (SCI) database showed that 500 journals 
acounyed for 70% of the material indexed in SCI in 1969. Almost half 
of the 3.85 million references published that year was found to emanate 
from only 250 journal. This type of evidence makes it possible to 
move from Bradford's law of dispersion to Garfield's law of 
concentration. 
The law states that " a basic concentration of journals is the 
common core or nucleus of all field". In other words, the tail of the 
literature of one discipline consists, in a large part, of the cores of'the 
literature of other disciplines. So large is the overlap among disciplines 
that the core literature of all scientific disciplines involves a group of 
not more than 1000 journals, 
(iii) Sengupta's Law of Bibliometrics;-
This is basically an extension of the Bradford's law. It states that 
" during phases of rapid growth of knowledge in a scientific discipline, 
articles of interest to that discipline appear in increasing number of 
periodicals distant from that field". Mathematically Sengupta's law 
stands in the following form: 
f(x+y) = a+b log (x+y) 
Where f(x+y) is the cumulative number of references as 
contained in the first (x+y) most productive journals,x indicate number 
of journals in the same discipline and by stand for number of journals 
of unrelated disciplines (y>x) and a and b are two constants. 
Ravichandra Rao summarises other empirical laws in one of his 
papers and those who are interested can go through the reference. He 
has also listed more important bibliometric models. 
Objectives by Brooks: 
i. Design of more economic information systems and network; 
ii. Improvement of efficiency rates of information handling process; 
iii. Identification and measurement of deficiencies in bibliographical 
services; 
iv. Discovery and elucidation of empirical laws that can provide a 
basis for developing a theory of Information Science. 
On the other hand, qualitative application studies emphasize 
practical utilization of research findings. Some of the finding which 
are fruitful used in library management are: 
i. Identification of core literature; 
ii. Ranking publications in zones of diminishing importance; 
iii. Establishing a transition point between zones of higher and lower 
utility; 
iv. Tracing the spread of ideas as study of epidemics; and 
V. Classifying segments of literature through inter connection co-
citations. 
Two more points added by Susan Artandi. They are: 
i. Detemination of the impact value of a given document; 
ii. Location of the criticisms of published results of research and 
experiments. 
Some of the above points will be discussed while examining the 
application of citation analysis. Whatever may be the type of study. 
Burton id go opinion that the product of biblomatric analys/s 
productivity of his or her own staff and how it compares to other 
comparable units; and 
iii. To the research analyst may wish to define a new research project 
or compare his or her own progress to that of broader spectrum- such 
as other institutions, related disciplines, or other nationalities. 
3. BIBLIOMETRIC LAWS:-
The three foundamental laws which laid the formation of 
biblometrics are: 
1. Lotka's Inverse Square Law of Science Productivity: 
2. Bradford's's Law of Scattering of Scientific Papers; and 
3. Zipfs Law of Word Occurrence. 
Lotka's Law;-
In 1926, Alfred J. Lotka proposed his inverse Square Law 
correlating contributors of scientific papers to their number of 
contributions. His law provided fundamental theoretical base for 
biblometric studies involving authorships. He was interested in 
determining " the part which men of different calibre contribute to 
progress of science". For this, he checked the decennial index of ' 
Chemical Abstracts' 1907-1916 and counted the number of names 
against which appeared 1,2,3 etc., entries, He tabulated the data for 
6,891 names beginning with letter 'A' and 'B' Similarly the data from 
the Auerbach's Geschietftafeln der physik was also collected for the 
1325 physicists, Lotka then plotted the graph on the logarithmic scale, 
the number of author and he found that in each case the points were 
closely scattered aboUt a straight line, having slop of approximately 
two one. On the basis of these data, Lotka deduced a general equation, 
generations of diminishing kinship, each generation being greater in 
number than the preceding, and each constituent of generation producing 
inversely according to its degree of remoteness." 
In the list of periodicals by diminshing productvity, Bradford 
identified three groups of periodicals that produced approximately the 
same number of articles on the subject, but the number of periodicals 
in these three equiproductive zones increased by a constant factor. 
Based on this he started his law as follows: " If scientific periodical 
arranged in order of decreasing productivity of articles ona given 
subject that may be divided into a nucleus of periodicals more 
particularly devoted to subject and several groups or zones containing 
the same number of articles as the nucleus when the number of 
periodicals in the nueleus and succeeding zones will be as 1: n : n^ . 
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Bradford also plotted graphs of the cumulative number of source 
items R(n) vers us the logarithm of the cumulative number of journals 
(log n). The resulting graphs for applied Geophysics and Lubrication 
were similar to the graph shown in Fig. 1. Such a graph, is sometimes 
called as Bradford biblograph. 
The graph being as rising curve API and then continues as a 
for the relation between the frequency 'y' persons making 'x' 
contributions as follows: 
x" .y = constant 
and for the special case n = 2, the constant is 0.6079. Further 
summarised the results as follows. 
" In the case examined it is found that the of persons making 
2 contributions is about one-forth those making one contribution, the 
number making '«' contributions is about l/n2 of those making one 
and the proportion of all contributions is about 60 percent". 
In other words, for every 100 authors contributing one article, 
25 will contribute two articles, about will contribute 3 article and will 
contribute 4 article, and so on. Through, the law was based on the 
study of chemistry and physics literature later it has generated much 
interest and attracted the attention of researchers and it has been applied 
and tested inmany other fields. 
1. Bradford's Law of Scattering:-
Samuel Clement Bradford, another pioneer of biblometrics, 
should be considered for his classic paper " Sources of Information 
on specific subject," which is the paper published on observations on 
scattering Bradford examined two biblographies prepared in the Science 
Library (Britain) on Applied Geophysics (1928-31) and Lubrication 
(1931-32) and he prepared lists of journals arranged by decreasing 
order of source items contributed by the journals to the biblographies. 
He noticed that in each subject there were a few very productive source, 
large number of sources constantly diminishing productivity. The whole 
range of periodicals was thus seen as " a family of successive 
straight line. The rising part of the graph represents the number of 
highly productive journals. The point pl ,p2 and p3 on the biblograph 
are the boundries of three equiproductive zones in which the same 
number of articles as the nucleus (represented by OYI) = yjy^ = yjyj) 
derived from an increasingly larger number of journals (represented 
by 0X1,X1,X2,X3,X5). The law attracted the attention of many 
researchers in the field and has been the main topic of many articles in 
the literature.. 
3. Zipf s Law of Word Occurence: 
Zipf s developed and extended an empirical Law, as observed 
by Estoup, governing a relation between the rank of a word and the 
frequency of its appearance in long text. If 'r' is the rank of the word 
and 'f is its frequency, then mathematically Zipf slaw can be stated as 
follows: 
rf = c, where 'c' is a constant. 
His law states that ina long textual matter if words are 
arranged in their decreasing order of frequency, then the rank of any 
given word of the text will be inversely proportional to the frequency 
of occurrence of the word. Thus, these three laws are respectively 
based on (i) number of authors contributing ina discipline or other 
field; (ii) distribution of articles in a set of journals; and (iii) ranking 
word frequency in a particular set documents. 
APPLICATION OF BIBLOMETRIC LAWS 
Bradford's Law 
The statistical regularity .pointed out by Bradford's law 
provides an objective means of determining zones of relative richness 
or value to given kind of library collection. This has implications to 
the acquisition process in library. A library can safely stock the journals 
which belong to the core or nuclear zone. It is advisable to extend the 
purchase list to the next zones till the budget limits. If at all the budget 
is elastic, a point will be reached at which it would be desirable to 
obtain copies of articles in the journals on demand rather than 
subscribing to the journals. Lancaster provides an excellent 
hypothetical example of applying Bradford's law in periodical collection 
building, while discussing the principle of diminshing returns. Brookes 
is of the view that if the total expendature on periodical provision is 
limited to the fraction 'f of the sum needed to cover the subject 
completely, the buying of periodicals may be supplemented by the 
buying of photocopies of the relatively few relevant papers published 
in the peripheral periodicals. 
While preparing biblographies we are faced with the problems 
of coverage, the journals that are to be scanned etc. Bradford' s 
distribution can be fruitfully used to estimate the total size of 
biblography and the periodicals that should necessarily be included in 
the list of items to be covered. 
On the application side of this law, the studies of Goffman 
and Morris and Ravichandra Rao are significant. Goffman and Morris 
found that the pattern of journal usage in the Allen Memorial Library 
follows a Bradford distribution. Rao, through his analysis of circulation 
date collected from six Canadian University Libraries, proved that the 
rank distribution of transactions follow a Bradford distribution. 
Bradford distribution. Bradford's law is very much akin to the Pareto's 
law relating to wealth distribution and the 80:20 principle used in 
warehouse management and the Mandelbrot distribution. 
Naturally this law is applied to study not only the scattering of 
publication, but also in other spheres of activity also. A study 
conducted by Garg and Lalitha Sharma of R & D indication in Indian 
industry using Bradford's law bears testimony to this fact. By analysing 
the R & D expenditure of 452 in- house R & D units in different 
sectors of the Indian industry, they had identified 19 in-house R & D 
houses as the core, 60 as the medium and the rest as small. As compared 
to medium and small-level in-house R & D units, there is a heavy 
concentration of manpower deployed, papers published, patents filed, 
processes / products developed in the core in-house R & D units. This 
shows the superiority of the core not only in the R & D expenditure 
but also in other yardsticks too. 
Zipf s Law:-
Zipf s law can be effectively used in the generation of 
semiautomatic or automatic indexes useful for an information retrieval 
system. It use has increased tremendously with the emergence of natural 
language indexing of textual matter especially in electronic form. 
Several studies aimed at finding out the pattern of frequency 
distribution of descriptors of a thesaurus and the distribution of indexing 
terms are available. A prominent one among them is that of Fedorowicz. 
Zunde and Slamecka have developed a function for the optimum 
distribution of indexing terms by the number of postings. This should 
make it possible to transmit information with maximum efficiency. 
Zipfs law provides a measure of the richness in vocabulary of an 
author. This technique can be used for deciding the correct authorship 
of disputed works. For example, if there is difference of opinion as to 
the correct author of a work, the word predilections of the attributed 
authors can be analysed either manually or using a computer. Once the 
frequency of occurrence of favourite words are decided, the disputed 
text can be analysis to see similarity and there by decided the author 
conclusively. 
The law is also used for identifying words more frequently 
used in different foreign language. The words are taught first in the 
instructional programmes of foreign language. 
Emile C white observes that the superimposition of the 
Bradford distribution over the linear Zipf distribution, which 
demonstrates the emergence of more used and popular items may yield 
a technique to describe the pattern of book use by library patrons. She 
feels that applied to circulation data, these formulations can support 
such policies as shortened loan periods for heavily used books and 
the identification of a core collection. 
Lotka's Law;-
Lotka's proposition led to a whole gamut of studies on 
scientific productivity. Such productivity studies have gained 
momentum in the post-second world war period. This in fact, has 
culminated in the rise of a new discipline called Scientometrics. 
Scientometrics is defined as the study of the measurement of scientific 
and technological progress. It provides an understanding of the structure 
of scientific activity, the disciplines being researched, the organizations 
involved, the strength and deficiency in the scientific group and their 
communication channel at different levels of aggregation. It follows 
the tiajectory of econometrics in the use of quantitative data, concepts 
and models and extensive use of mathematical and statistical 
techniques of modelling and data analysis. 
Scientific productivity studies have been made from different 
angles. Impact of social change on scientific productivity, relationship 
of publication output on scientific recognition, identification of elites 
in different disciplines, occurrence of discoveries in different cultures 
etc. are some of the approaches made in this line. 
An interesting study of scientific productivity made three decades 
back is that of Yuasa's. Yuasa's was a statistical study of the scientific 
achievements in various countries that showed the shifting of the world 
scientific dominance from one country to another. He found out that 
this dominance shifted from Italy to Britain, then to France, from France 
to Germany and finally to USA in the 20th Century. 
Price, who had traced the development of science since Babylon 
and plotted the growth of big science from little science had observed 
that Lotka's ;law applied equally well to the productivity of scientists 
in the 17th as well as in the 20th century. This meant that majority of 
publications emanated from a handful of people. We have alreaciy 
seen this as Price's square root law. Similarly, the conclusion of an 
extensive review of early studies of scientific productivity made by 
Narin was that scientific talent was highly concentrated in a limited 
number of individuals. 
For a comprehensive treatment of the application of bibliometric 
laws, readers are advised to refer to Egghe and Rousseau, albeit. 
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abound in mathematical expressions. 
Bibliomctric Measurements:-
The bibliometric measurement are derived from the concept 
of Citation indexing. It was based on the English Legal System, which 
operates under the doctrine of'stare deisis precedent,' on the basis of 
which Garfield developed 'Science Citation Index Social Science 
citation index and arts and humanities index. 
Direct citaticn counting:-
Citation counting is technique that determines how many 
citations a given document, author, journal etc., has received over a 
period of time, originallu used by Gross and Gross. The rationale for 
is that citations are objective indicators of use and therefore an article, 
author, journal that frequently cited is move useful or productive, as 
the case may be, than one that is less frequently cited. In order'to 
offset the limitations of citation counting, some modified measures 
have been suggested. The 'impact factor' and immediacy index are two 
such measures. Garfield, who coined the term impact factor defines it 
as " the ratio the number of times a journal is cited in a given time 
period to the total number of source items published in the journal, 
during specified period of time". The impact factor is a measure of 
frequency with which the average cited article in a journal has been 
cited in particular year. It offset of age, size the frequency of a 
publication of journal on the frequency of citation. The immediacy 
index is method of showing the frequency with which a material recived 
by the articles during the year to the number of articles published. 
Recently, first has suggested the discipline impact factor (DIF), a 
method of determining core journals for discipline, which is similar to 
the impact factor, which measures the number of times a paper in a 
journal is cited in core literature of the given discipline. 
Bibliographic- Coupling:-
The concept of bibliographical coupling was first suggested 
by Fano, but Kessler elaborated tested and coined the term. It is number 
of common references cited in two document that indicates the degree 
of similarity of contents of the cited papers. Two source documents 
containing a large number of commgn references are said to have high 
coupling strength are likely to be on the same topic. It observed that 
the concept of relationship has certain drawback and not seem to be a 
valid unit of measurement because if two papers are citing a third 
paper, they may or may not be cited an identical piece of information 
.of third paper being cited. Further Tagliacozzo is of the opinion that 
" the fact that two papers have reference in common is no guarantee 
that both papers are referring to the same piece of information. So, it 
merely an indication of the existence of the probability of relation 
between two documents". 
Co-citation:-
The concept of Co-citation was for first time suggested 
independently by Small and Marshakova almost simultaneously in 1973 
and later developed by small, who proposed a new method of analysing 
citations, to generate clusters of related papers. The number oftimes 
two papers are cited papers. Co-citation is dynamic measure in that 
co-citation strngth of cited papers can be subsequent literature. But 
one of the disadvantages of covitation technique is that, it requires 
comprehensive citation data. 
nn 
-IV 
Chronological Distribution 
This table shows the chronological distribution of the papeis 
published during the period 2002-1992. According to the table wee 
can find out that the maximum numbers of articles were published 
in the year 1995. 
The second most productive year is found to be 1994. The 
third most productive year is found to be 2000, which is 10% of 
the total publication. 
The minimum productive year is found to be 1993, which has 
4.5% article of the total publications. 
Table: 1 
Year Frequency % 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
88 
39 
101 
146 
53 
87 
42 
79 
90 
85 
53 
10.0 
4.5 
11.7 
16.9 
6.14 
10.0 
4.86 
9.15 
10 14 
9 84 
6.14 
101) 
Number of Articles 
8 g 8 8 i 8 
r 
f 
C (D 
3 
O 
»< 
Productivity .Authors 
/ 
Table 2 shows the productivity of authors of the papers 
published during the last 11 years i.e. 1992-2002. According to 
this table the most productive authors is Sharon, Nathan who 
contributed 16 paper which is 1.85 % of the total publications. The 
rank of this author is 1. The second most productive author is 
Young N. Hartin contributing 7 papers which is 0.8% of the total 
publication. The rank of this author is 11. The third most 
productive author is Yamaanoto, Kazuo, he contributed 5 papers 
which is 0.57 % of the total production. 
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Authorship Distribution Pattern 
Analysis of data in Table 3 shows that multiple author is 
predominant. Out of the total 863 article 772 articles are multiple 
authored during the period 1992-2002. 
The year 1997 sees the highest production of single 
authorship. There were 91 incidence of single authorship during 
the period of 1992-2002. 
The minimum year of production is 1993. It has 2.56% 
single authorship, multiple authorship. 
Table: 3 
Year 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
Single 
Authorship 
09 
01 
12 
07 
08 
23 
04 
09 
07 
02 
09 
% 
10.22 
2.56 
11.88 
4.79 
15.09 
26.43 
9.52 
11.39 
7.77 
2.35 
16.98 
Multiple 
Authorship 
79 
38 
89 
139 
45 
64 
38 
70 
83 
83 
44 
Vo 
S9J1 
89.43 
88.1 1 
95.20 
84.90 
73,56 
90.47 
88.60 
92.22 
97.64 
83.01 
10^ 
Number of Articles 
01 
3 
> 
I 
c 
E 
•o 
> 
c I 
Table: 4 
Single Authorship 
No. of 
Articles 
91 
% 
10.54 
Multiple Authorship 
No. of 
Articles 
772 
% 
89.45 
Total Numbers 
No. of 
ssAuthor 
863 
Table: 5 Language Wise Distribution 
This Tables 7 shows the language wise distribution. 863 
articles were dispersed among 12 different languages over a period 
of 11 years 1992-2002 763 articles were published in English 
languages, which is 88.412% of the total. The English language 
has 1 rank. 
The Japanese language has 30 articles, which is 3.476 % of 
the total production. It has second rank in the language table. The 
third rank is the Chinese language having 15 articles which is 
1.738% of the total production. 
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Country Wise Distribution 
Tables 6 shows the country wise distribution. 863 articles 
were dispersed among 46 countries. The U.S.A. is the most 
productive country. It has published 175 articles during the year 
1992-2002, which is 25.62 of the total productivity the U.S.A. has 
rank 1, the second rank goes to Japan. It has published 132 
articles, which is 15.29% of the total productivity. The third rank 
goes to U.K., which has produced 78 articles, which is 9.03 % of 
the total productivity. The countries are arranged by decreasing 
order of productivity. 
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Ranking of Periodicals 
Ranking of journals was done during the year 1992-2002. 
The articles obtained were analyzed in detail. J. Biological 
chemistry was ranked first, having 68 articles. 
The second rank goes to journal of biochemistry, 59 articles 
and the third rank to journal of Immunology contributing, 3 5 
articles out of the total production. 
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Citation analysis 
The primary function of citation is to provide" connection be-
tween two documents, one which cites and the other which is cited". 
There are umptean number of reason for giving citations. Weinstock 
Lietz, Moravesik, and Murugesan, Hodges, Oppenheim and Renn% 
Finney, Frost and thorme have all attempted to explore the possible 
reasons for giving citations. They include the positive and negative 
reasons for inclusion. However, it has to be conceded that if the rea-
son is positive, there is bound to have some connection between the 
citing and cited paper. The first recorded analysis was a study by 
P.L.K. Gross and E.M. Gross published in 1927 in order to determine 
the journals to be subscribed to and the back volumes to be acquired 
for the Library of the Pomona College. They studied the citation fre-
quency in the references given in the Journal of the American Chemi-
cal Society. Citation analysis is very often fruitfully applied to derive 
the following benefit: 
{a) To lead the reader to firlher studies in the field 
This is perhaps, the primary purpose of citations. Readers can 
verify the correctness of the information and there by convince them-
selves. 
(b) For the preparation of Bibliographies 
The first use of citation indexing was made in Shepherd's Cita-
tions published in 1873. This technique of citation of citation indexing 
has beenn perfected by Eugene Garfied and others since then early 
1960s. It is a fact that compilation of bibliographies in new field is 
really difficult . In such circumstances, analysis of citations of article 
may be the only way to gather information. The very fact that the 
citation have been verified, evaluated and recommended by authors 
who are experts in their own field make them all the more acceptable 
for inclusion in a bibliography. 
(c) To study the use pattern of different type of documents 
Citations give may be of books, journal articles, report, stand-
ards, theses/dissertations etc. The relative use of each of these type 
can be ascertained based on the frequency of citations. For example, 
various citations studies have shown that journal articles are the mpst 
preferred source consulted by scientists since they constitute about 
70-80% of the total citations. Similarly citation practices among so-
cial scientists indicate that they give equal importance to books and 
journals. 
(d) To find out the relative use of different languages. 
Since English has emerged as a world language, especially in 
science and technology, there is a predominance of English language 
publications in all branches. This can easily be understood from cita-
tion analysis. In the mid-sixties, for instance, the share of English lan-
guage papers in Mathematics and Chemistry was more than 50 per-
cent. Russian occupied the second position with about 20 percent fol-
lowed by German and French. 
Citation practices practices have also shown that the relative 
amount of literature in different subjects produced by different coun-
tries changes with time. It has been observed that German has de-
clined very much in the 20th centry; especially in the field of Chemistry 
where publications in this language reigned supreme. 
(e) To study the use of literature from different countries 
From the citations, the country of their origin can be identified in 
all types of materials like journal article, books, reports etc. In many 
subject areas, U.S. Publications are found to be used more heavly. In 
medicine, biochemistry, physiology and pharmaclogy, Sengupta had 
identified the leading role played by U.S journal. Journals of U.K. 
occupied the second position, but they come noewhere near their 
American counterparts in the frequency of use. Similarly; Martyn and 
Gilchrist had found that in sixties one in every eight citations was to 
British publication. Some of the user studies in india have shown that 
Indian publications are also equally cited in certain subjects. 
(f) To study the scattering of subjects 
Studies about tl)e dispersion or scattering of subject in differeiit 
sources as evidenced by citation analysis have brought out interesting 
results. For example, 
i. Social science and art subjects show a wider scatter of publications 
than the science. 
ii. Research publications in technology show greater dispersion than 
those in science. 
iii. A new branch of science, especially an interdisciplinary one, showns 
a greater dispersion than an older branch of science 
iv. There can be differences in scatter between sub-field within a sub-
ject as also among major subjects. 
V. The rate of scatter within the same subject alters with time. Mead-
ows jas summarized these findings. 
/ 2 V 
(g) To decide the obselescence rale of documents in different subjects 
Citations in subsequent literature and usage pattern in libraries 
are considered as two indicatore of the obsolescence of literature. 
Analysis of cittations by age of the cited document can shown the 
useful life of a document. In order to measure the decay or obsoles-
cence rate of documents, the concept of 'half life' has been borrowed 
from Nuclear Physics. Using this measure Burton and Kebler had sug-
gested a range of half-lives for different subjects. The fast growing 
subjects would have lesser half lives compared to established disci-
plines. The above study had shown the half-life of Metallurgical Engi-
neering as 3.9 while that of Botany is 10 years. These time scales are 
highly useful in the planning of library holdings. 
(h). To determine the interdependence and lineage of subjects 
The interdependence of basic and applied field can be under-
stood by citation studies. Establishment of this interdependence can 
be of use in the acqiustion policy of special or information centries. 
The analysis of citations of citations, of the Annual Review of Medi-
cine j'or the years 1965-69 by l.N. Sengupta has established the con-
tribution made by Journal in the field of biochemistry and physiology 
to the medical researcfli. Further studies by him have brought to light 
the mutual contribution of biochemistry, Physiology and microbiol-
ogy-
As far as lineage of subject are concerned, Garfield's experi-
ments in citation indexes have very much contributed in mapping the 
history of many of them. 
]?h 
(i) To prepare ranked list of periodicals 
Ranked list of periodicals can be prepared by two methods: 
1. by actual citation counting;and 
2. by counting the number of entries in indexing and abstracting peri-
odicals. 
In the first method, information is collected from the references 
cited in source articles. By studying the average number of citations, 
one can develop a list of cited journal in the ranked order. 
In the second method, the number of items conrtributtede by 
different periodicals during a period of time is calculated from the 
secondary source and the ranked lists are very often used as guide-
lines in the acquisition of periodicals and other materials in the li-
brary. 
Q) To study the rate of collaborative research 
Collaborative research can be effectively measured fromn the 
number of authors in papers. Such studies can be conducted to under-
stand global trends, national trends or trends in diffrent subjects. Studies 
in this direction have indicated that colladoration varies from disci-
pline to discipline, within the same discipline from time to time, and 
from country to country. However, the extent of collaboration may not 
be revealed from the citations. Effort in this direction have been made 
by Ajiferuke et al who have attempted to define' good collaboration 
neasures 
(k) For the analysis of scientific journals 
Citation analysis provides a number of interesting and useful 
insight into the networking of journal. These insights are developed 
IQ^C 
from fuve different citation measures, which are perfected by Institute 
for Scientific Information (ISl). 
(i) Citation rate of a journal: 
This is the number of times a journal has been cited. It can con-
sist of all the reference to the cited journal counting even duplicate 
references from the same source article as a seperate citation. It can 
also be calculated by counting only the number of source articles that 
cited the journal. A third method of calculating citation rate that is 
followed by ISI is by counting the nuber of reference to the cited 
journal, but treating duplicate reference from the same source article 
as only a single citation link. 
//. Import factor 
Import factor (IF) is the average citation rate of a journal's 
articles. It is basically a ratio between the rate of the journal and its 
citation potentail. Citation rate is defined as the number of citable 
items published. 
Therefore IF = the number of times a journal was cited/ the 
number of citable items the journal published. 
Thus, the 1986 impact factor of Journal X would be calcu-
lated by dividing the number of all the Sciemce Citation Index, Social 
Science Citation Index and Arts & Humanities Citation index source 
Journals 1986 citations of articles journal X published in 1984 and 
1985. 
Previously, it wasnot possible to calculate the IF ofgjour-
nals not covered by Science Citation Index. But now a new formula for 
the determination of IF for journals which are not incorporated init has 
ii 1-
been worked out by B!K. Sen and others. The method is discussed in 
short communication in Journal of Documentation, 45(2)1989. 
/•//. Self-citing rale: 
This is a measurement of the frequency with which jour-
nal's references cite articles it published, 
v/. Self-cited rate: 
This again, is a measurement of self-ciation. It shows what 
percentage of citations recoved by a journal by a journal originated in 
articles published by the journal. These self-citation rates serve as 
indexes to the newness,size snd isolation of the intellectual universe 
inwhich a journal operates. 
V. Immediacy index: 
This is a method of showing how rapidly the materils pub-
lished by journal are picked up andused. It is calculated by the number 
of citaions recived by articles in journal during the year inwhich they 
were published. 
The results of the citation measures carried out by ISl are 
published regularly inthe Journal Citation Reports (JCR) of ISI. 
Citation counts have also been stretched even to measure 
the productivity inother areas. As Broadus points out, "Over the lasttwo 
decades, tabulation of citations, but have been used to measure 
theimportance of academic departments,but especially of individual 
scholars and the contributions they made to their respective fields" 
56. In addition to the above areas of application, citation analysis has 
also led to the developement of such concept like biblographic cou-
pling put forward by kessler and co-citation is getting renewed atten-
l^t^ 
Level - 2 
This Table 8 shows the year wise distribution of the level-2 
literature during 1992-2002. The number of papers and total 
number of citations in each year in shown while in the year 2002, 
the source articles is 08 and the number of reference articles is 
497. It is highest out of 11 years, 66.71%. The year 1996 has the 
lowest number i.e. 3.89%. 
Table: 8 
Year 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
Total 
No. of Source 
Articles 
-
-
-
05 
01 
-
-
-
-
02 
08 
16 
No. of Reference 
Articles 
-
-
-
153 
029 
-
-
-
-
66 
497 
745 
y» 
-
-
-
20.53 
3.89 
-
-
-
-
8.85 
66.71 
100 
L"J 
No. of Articles 
o S 8 8 8 
I i I L 
s i 
I 
I 
I 
ii 
I 
I 
I 
I 
a § 
J j _ 
Authorship Pattern 
Table 9 shows the authorship pattern i.e. single and multiple 
authorship. The highest productivity of single authorship is 09 
(29%). The multiple authorship is highest in the year 1999, 48 
(13.04%. 
The second most productive single author is in the year 
1999, 05 (16.12% of the total and the multiple authorship is in the 
year 1998, 45 (12.22%) of the total production. 
Table: 9 
Year 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
Total 
Single Author 
01 
01 
01 
03 
01 
03 
02 
05 
03 
02 
09 
31 
% 
3.22 
3.22 
3.22 
9.67 
3.22 
9.67 
6.45 
16.12 
9.67 
6.45 
29.0 
100 
Multiple Author 
28 
31 
28 
18 
24 
28 
45 
48 
34 
43 
41 
368 
"/« 
7.60 
8.40 
7.60 
4.89 
6.52 
7.60 
12.22 
13.04 
9.23 
1 1.68 
11.14 
100 
No. of Articles 
-^ ro lo w en o en o 
J I I L 
i 
> 
•a 
5* 
> 
c 
o 
> 
c 
o I 
•o 
•0 
Ranked List of Cited Journals 
329 journal obtained were analyzed in detail during the year 
1992-2002. The most frequently used journal having literature on 
plants and animals lectin is journal of biological chemistry. It is 
ranked T' it contains 68 references (20.66%). 
The second most frequently used journal is Biochem. 
Biophys. Acta., contains 49 references (14.89%) J. Biochemistry 
stood at third place having 27 references (8.20%). 
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Productivity of Authors 
This Table 11 shows the productivity of authors on ll„d level 
(cited author). The most productive author is J. Hirabayashi. he 
contributed 21 papers of publication and is ranked first. 
The second ranked author is K. Kasai, he contributed 17 
papers out of the total publication. 
The third productive author is Van Damme, he contributed 
14 papers of the total publications. 
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Application of Bibliometric Law 
Bradford Law of Scattering 
If a group of journals are arranged in an order of decreasing 
productivity i.e. the journals that yield the most relevant articles 
coming first and the most unproductive the last, the journal will be 
grouped into a number of zone each producing a similar number of 
relevant articles. How ever the number of journals in each zone 
will be increasing very rapidly. The relationship of the journals 
between the zone is given by the equation. 
1 : n : n^  
If the graph is plotted against between the reference articles 
and journals. A hyperbolic graph is obtained. 
144 
Bradford's Curve 
n 
Journals 

My bibliometric studies are on plants and animal lectins. The 
whole analysis is done at two different levels. 
In the first level, the data is analyzed to find out the year 
wise distribution of articles, journals, most productive author, 
country wise distribution, most popular language and multiple 
authorship during my period of bibliometric studies i.e. 1992-
2002. This year wise distribution of articles is year given below. 
Year Articles 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
88 
39 
101 
146 
53 
87 
42 
79 
90 
85 
53 
14^  
Productivity of Authors 
Author 
Sharon, N 
Young, Martin 
Yamamoto. Kazuo 
Articles 
16 
07 
05 
Rank 
-1 rd 
Ranked List of Journals 
Rank 
jS, 
2nd 
3rd 
Name of Periodical 
J. Biological Chemistry 
J. Biological Chemistry 
J. Immunology 
No. of Articles 
68 
59 
35 
Ranked List of Countries 
Rank 
r' 
2nd 
3rd 
' 
USA 
Japan 
UK 
Country No. of Articles 
175 
132 
078 
Ranked List of Languages 
Rank 
r' 
'J lid 
3rd 
Language 
English 
Japanese 
Chinese 
No. of Art ic les 
763 
30 
15 
I4(. 
Citation Part (Level-2) 
In the level 2 is citation part we have ranked list according 
to authors journals, and year wise distribution of source and 
reference articles. 
Ranked List of Journals 
Rank 
, s , 
/^nd 
3rd 
Name of Periodical 
J. Biological Chemistry 
J. Biochem. Biophysics, Acta 
J. Biochemistry 
No. of Articles 
68 
49 
27 
Ranked List of Authors 
Rank 
r' 
' j i id 
3rd 
Name of Periodical 
J. Hirabayashi 
K. Kasai 
D.C. Kilpatrick 
No. of Articles 
21 
17 
08 
Year wise distribution of literature on the basis of source and 
reference. 
Year 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
Source Articles 
-
-
-
05 
01 
-
-
-
-
02 
08 
No. of Ref. Articles 
-
-
-
153 
029 
-
-
-
-
66 
497 
Authorship Pattern 
Year 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
Single Author 
-
-
-
05 
01 
-
-
-
-
02 
08 
Multiple Author 
28 
31 
28 
18 
24 
28 
.45 
48 
34 
43 
41 
us 
